UNIVERSITY 
OF MICHIGAN 


2111880 = SEPTEMBER + 1950 


ENGINEERING 
LIBRARY 


Industrial Applications of Agricultural Engi- 
neering W. M. Hurst 


Progress of Mechanization in Southeast Agri- 
culture Geo. B. Nutt 


How Farm Mechanization Aids Conservation 
Practices J. R. Carreker 


Determination of the Depth and Spacing of 
Tile Drains C. S. Slater 


The Application of Glue in Framing Farm 
Buildings Henry Giese and E. D. Palmer 


A.S.A.E. Winter Mee ting . Chicago, Iil., December 18-20 


THE JOURNAL OF THE AMERICAN SOCIETY. OF AGRICULTURAL ENGINEERS 


Ee ba Be io vn ae A eg meet Me) Pe Se game Te a Z ; - 
sere Se eae eee Pee Yc MR he eet eee et ae EE F nis a. 
os a. (ee! oe ee rs 
Te rg eee ae ae 3 Ss a F J 
} 
! 
i . * , 6(CY , 
nel ; ; or 
ring j E 
ek- : ; 
loy- F 
out a 
ety. | 
ade 4 : : i j 
ons F . Peis ” . : 
for- 
ibe . 
not fi : sc 
or Pe ; i he % 
== 5 a “ i ait | 
evi- 
the ; : 4 
Pp Cay. 3 4 4 ig we 
“a 
62- 
i— ' 
Ras P| | 
46- 
38. 
60, j 
| 
75. 
49. ‘ | 
97, ‘ 
i EEE EEOEOee 
14, - -_SRNRIRIRE Es Ce OR RA RE Re 
vith 
ime 
, in 
na- 
ary 
for 
re- | 
soil | 
en- § 
ith. | 
ing, 
‘ion 
ck- 5 
Tra- 
fied ‘ 
und 
ime 
rm 
ul- 
reh ; 
or- 
nth 
or- ; 
8. 
ral 
yed 
ent 
on 
lic 
in 
in 
ral 
yr. 
\is- 
ty. 
ub- 
gi- rv 
as 
ru- 
one 
ith 
po- 
ty. 
ral 
ul- 
ind 
in- ; 
en. 
eld 3 I at | Sea ls eee ERE ear J 
BS — es ee ee ee ee a a ans EEE EE eee 
ok- : 
on- 
wy 
ary ee 
0 
— saat s 
= i aes ia eek a) a ee ig le 
iv ee oe. eal ae i Eee Sa ae TS ela MS oe ee eg ‘ G : . 


Peg 


@ It is no trick to get grain or forage into a 
hammer mill and reduce it to particles of de- 
sired size. The engineering problem is to get 
it out of the grinding chamber before repeated 


contact with the hammers has made some of 
the material too fine, caused more or less heat- 
ing, and wasted power in the process. 


Case hammer mills save substantial amounts 
of power in the grinding chamber by using 
sufficient power at the fan to pull ground ma- 
terial promptly through the screen. Less ob- 
vious but similarly significant are the relations 
between linear and angular velocities at the 
grinding circle, also the space relations among 
the hammers and with the screen. 


Air-Power 
Spares Horsepower 
Grinds More Per Man Hour 


Fast grinding of tough grain or forage calls 
for keen edges. Case hammer tips have eight 
edges; you loosen a bolt and turn a new edge 
into position. Sharp edges, clean scavenging, 
and good geometry in the grinding chamber— 
these are reasons for the fast, cool, relatively 
uniform grinding of Case hammer mills. 


Designed for fast work with the power of 
farm tractors, these mills hold down power 
cost per bushel. More important, they grind 
more bushels per man-hour, push upward the 
final yield per man which is the essence of pro- 
ductivity and prosperity in agriculture. J. I. 
Case Co., Racine, Wis. 
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You can select from a wide variety of Torrington Needle 
Bearings the right fype-e and size to handle year sponte 
friction problem. 

You'll find Needle Bearings sclocicly designed for rota- 
tion . . . or oscillation. For maximum load capacity . . . or 
maximum speed. With light races for compactness... or 
thick races for heavy duty. | 

You can accommodate shafts from 5/32” up—retaining 
always the advantage of small cross-section with high ca- 
pacity. Our engineers will be glad to help you pick the i 
Needle Bearing for your Se og 


TSR ee 


your choice of types | and sizes 


; THE TORRINGTON COMPANY..___- 
Torrington, Conn. ° South Bend 21, Ind. 


District Offices and Distributors in Principal Cities. 
of United States and Canada. 


TORR! NGTON 
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NEEDLE * SPHERICAL ROLLER -- TAPERED ROLLER - STRAIGHT ROWER - BALL - NEEDLE ROLLERS. j : 
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EDITORIAL 


Rural Industries 


ROGRESS in communications and in the transportation of 

people, power, and products is letting a lot of urban in- 
dus:ry get out into rural areas for room to stretch, take a 
bre. th of fresh air, and kick up its production heels. 

(hat makes it seem timely to distinguish between those 
ind. stries which have moved to the country or rural towns 
sim sly to get away from the city, and those which are in the 
cou. try to be close to agriculture. 

We like to think of agriculture as the major rural industry, 
aid | and abetted by several classes of related industries, both 
rur.! and urban. These include the industries which handle, 
pro ess, and market the products of farms, the industries to 
wh h farm products are raw materials. They include the 
ind stries which produce equipment and materials for use in 
agi ulture. And in the sense that industry includes all pro- 
duc ive activities, they include business, trade, and professional 
ser’ ices to farmers. 

(he same progress in communications, tfansportation, and 
oth. r engineering, together with other fact6fs favoring expan- 
sion of rural industry, are exerting an important influence on 
agriculture and the industries serving it. It can be expected to 
continue, and to influence the manner in which agricultural 
eng neers can best serve agriculture. It will bear watching and 
considerable study. 

To what extent will it help farmers to profitably carry 
the:r operations beyond basic husbandry of crops and livestock? 

To what extent will it help farmers to improve their oper- 
ating efficiency by carrying out preliminary or advanced proc- 
essing of their products? 

To what extent will it make it feasible for farmers to 
process raw materials for their own use, as, for example, in 
the compounding of fertilizers, insecticides, and mixed feeds, 
and the fabrication or modification of buildings dnd equipment? 

What industrial products and services will be needed by 
agriculture, and to what extent can they best be provided by 
rural industries controlled by farmers or men who understand 
farmers? 

What combinations of husbandry and related activities will 
enable farmers to produce most effectively and enjoy most 
fully the satisfactions of farm life and work? 

What combinations of land, crops, livestock, structures, 
equipment, other capital, labor, management, operations, and 
operating methods will enable individual farms and related 
enterprises to succeed? 

The increasing complexity of modern living, of products 
services, and methods available for use in production, and of 
our money economy, is increasing the complex of factors to be 
considered in setting up, operating, and keeping up to date 
any private enterprise, rural or urban. It is increasing the 
number, variety, and complexity of engineering problems in- 
volved in agricultural production and related industries. 

This provides a growing opportunity for agricultural engi- 
neers to help farmers by considering and developing the in- 
dustrial or production engineering inherent in the nature of 
modern farming and related rural industries. 


Progress in Farm Processing 


D ESIRABLE emphasis on several points in connection with 
the further development of farm processing is provided, 
we believe, by W. M. Hurst in his paper entitled “Industrial 
Applications of Agricultural Engineering,” published elsewhere 
in this issue. 

it is important to recognize that processing operations, 
Wherever performed, will be most efficient when guided by the 
pr aciples commonly applied in industrial engineering. 

{t is important to recognize that farm processing is not a 
pc 'tical or social movement, to be supported or opposed in 
geral according to personal belief and interest. It is a matter 
0! production economy in which the question of what proces- 


sing should be done and where and by whom it should be 
done, should be decided on the merits of the individual case. 
Mr. Hurst has indicated many of the considerations to be 
studied. 

Over a period of some twenty years or more, increasing 
numbers of agricultural engineers have come to recognize farm 
processing as a legitimate field of agricultural-engineering in- 
terest. A few have been directly employed in processing or in 
related research, and have become intensely interested in it. 
Most have been too preoccupied with immediate duties and 
responsibilities in other fields of agricultural-engineering activ- 
ity to give more than passing notice to processing. 

Quite a number of recent graduates in agricultural engi- 
neering have shown an interest in farm processing, but there 
has been relatively little opportunity for them to find actual 
engineering employment in this field, on which their interest 
might feed and grow. 

Progress in farm processing, agricultural-engineering inte- 
rest in the subject, and opportunities for actual employment 
in this field are interrelated and interdependent. Together they 
represent a considerable inertia to be overcome gradually be- 
fore they can really get rolling. No one of these factors can 
get very far ahead of the other two. 

This is the same situation encountered years ago in other 
fields of opportunity for agricultural engineering. It is far 
from hopeless. It presents a challenge. 

Economic and engineering progress in any field gets under 
way first by someone recognizing an apparent new, unproven 
opportunity, and second by investment in developing and test- 
ing the opportunity in the hope that it will eventually pay out. 

Farm processing needs more of the thinking in terms of 
what might be done which has given us the modern farm trac- 
tor, rural electrification, refrigerated farm storage, more efficient 
cotton ginning, the combine, the milling and meat-packing in- 
dustries, alfalfa meal production, tung and other oil produc- 
tion, the modern fruit products industries, etc. 

Theoretical opportunity for considerable increase in proc- 
essing activities on farms and farm communities is now 
generally appreciated by leading farmers, other rural business 
men, agricultural engineers, agricultural economists, and vari- 
ous agricultural scientists. 

The problem now is to find more new specific opportuni- 
ties for farm-processing operations which offer apparent hope 
of paying off soon, with engineered equipment and operating 
methods now available. The refinements which normally fol- 
low further experience and study, supported and encouraged 
by success in capitalizing on these major opportunities, may 
make practical in the future some farm-processing operations 
which now would be marginal or unprofitable. 

These present opportunities in farm processing are being 
recognized and developed by farmers, farm cooperatives and 
other rural business men to an extent which Mr. Hurst’s paper 
helps us to realize. 

Agricultural engineers in the U.S. Department of Agricul- 
ture, the college agricultural engineering departments, other 
public service agencies, and private employment are investing 
time and talent, as well as public and private funds, in devel- 
oping and testing these opportunities. They are helping to 
show the extent to which farm processing involves agricultural 
applications of industrial-engineering principles. 

Professional consideration within the American Society of 
Agricultural Engineers, of farm processing as a field of service 
for agricultural engineers, helps to clarify the opportunities 
awaiting development, the challenges which agricultural engi- 
neers can find in it; the problems they may enjoy the satisfac- 
tion of solving. Mr. Hurst’s paper provides a sound founda- 
tion for further individual and group study of these points. 

Under these influences we can look for continued progress 
in the nature of a gradual evolution toward increased quantity 
and variety of farm processing on an economically sound 
basis; rather than a revolution in farming for the sake of 
seeing the processing wheels go around. 
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BLOOD BROTHERS 


universal joints 
meet the brutal 
fests of time 


For many generations, a man’s mettle was 
tested in corn husking contests every Fall. 
And the husking bee winner was respected 


for his speed and endurance. 


Now mechanized equipment does this hot, 
monotonous job — matching its speed and 
endurance against Time. As vital parts of 
the corn pickers listed here — and of many 
other farm implements — Blood Brothers 
Universal Joints have proved their endur- 


ance too, under severe field conditions. 


Through the brutal tests of Time for over a 
generation, Blood Brothers Joints have 
earned the respect and approval of agricul- 


tural engineers. That’s why... 


THESE FIRMS USE BLOOD BROTHERS 
JOINTS ON CORN PICKERS, BINDERS: 


Allis-Chalmers Mfg. Co. Minneapolis-Moline Co. 
Dearborn Motors Corp. New Idea, Inc. 

John Deere The Oliver Corporation 
Harry Ferguson, Inc. Wood Bros., Subsidiary 
International Harvester Co. of Dearborn Motors 


FOR FARM IMPLEMENTS, MORE BLOOD BROTHERS UNIVERSAL 
JOINTS ARE USED THAN ALL OTHER MAKES COMBINED 


BLOOD BROTHERS machine co. 


Agricultural Universal Joints 


ALLEGAN, MICHIGAN 
Division of Standard Steel Spring Company . . . Chicago Office: 122 S. Michigan 


» SERIES USED: IF or 
» 3DR depending on 
%. H.P. involved. 
‘ 
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Industrial Applications of Agricultural Engineering 
By W. M. Hurst 


MEMBER A.S.A.E. 


farmers’ cooperatives have for a long time attempted to 

increase their incomes by conditioning or processing agri- 
culi.iral products for market or by processing or manufacturing 
supplies for farm use. Activities involved in such enterprises 
are zenerally referred to as processing. However, processing as 
suc : does not cover the entire field. 


he desirability and feasibility of processing or condition- 
ing raw products on or near the farm by farmers, individually 
or .ollectively, or by private interests depends in part upon the 
product, availability of facilities, and the complexity of the 
entcrprise. Before taking definite steps in establishing a plant, 
information should be obtained on (a) market outlets, (b) 
supply of raw material, (c) nature of operations, (d) equip- 
ment needs, (e) plant design, size, and location, (f) invest- 
ment, (g) working capital, (h) applicable local, state, and 
federal laws, (i) labor requirements and availability, (j) trans- 
portation, (k) public utilities, and (1) quality control. 

The availability of electric power throughout the country, 
machinery development, and the needs for some decentraliza- 
tion of industry have resulted in the construction and operation 
of many plants in rural areas. Also, increases and shifts in 
population in some parts of the country have been responsible 
for new plants. Often small rural plants are the beginning of 
large factories. However, small plants in some categories have 
as high or higher unit production per worker than those in 
the large production-line class. Problems of an engineering 
nature are numerous in all such instances, and agricultural 
engineers have received their share of requests for information 
needed in designing, building, equipping, and operating the 
plants. 

As a general rule, agricultural engineers in the state and 
federal research agencies have confined their activities to 
problems associated directly with the farm, farmstead, and 
farm home. Some excep- 
tions have been the work 
done by agricultural engi- 
neers, especially during the 
war, in processing hemp 
and flax and in the proc- 
essing and preservation of 
feeds and foods. We have 
had and continue to have 
plenty of jobs to do on and 
around the farm. However, 
since the profession is ded- 
icated to the service of 
agriculture, and farmers 
have a big stake in rural 
industries, we should not 
neglect activities in this 
field. 


Firnes as individuals, as stock companies, and as 


This paper was prepared ex- 
rressly for AGRICULTURAL EN- 
Gi NEERING. 


The author: W. M. Hurst, 
snior agricultural engineer, di- 
« sion of mechanical processing 
©: farm products (BPISAE), 
' S. Department of Agricul- 
* re, Washington, D.C. 
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This battery of Caterpillar diesel tractors and drills drilling fall wheat in Idaho 
is a typical example of one type of industrial application of agricultural 
engineering—a farm service operation 


The 1948-49 annual report of the Farm Credit Administra- 
tion (USDA) shows 10,135 farmers’ cooperative marketing 
and purchasing associations operating in the United States 
during the 1947-48 season. While not all of these associations 
processed farm products or supplies for farm use, many of 
them did. There are also many individuals and companies 
engaged in this type of business located in small town and 
rural communities. 


The American Society of Agricultural Engineers has no 
subject-matter division devoted generally to industrial engi- 
neering for agriculture. Agricultural engineering departments 
at several state colleges have a section for processing in addi- 
tion to their farm machinery, farm structures, rural electrifica- 
tion, and soil and water conservation work. 


The activities of the Division of Mechanical Processing of 
Farm Products (BPISAE) of the U.S. Department of Agricul- 
ture began with the establishment of the USDA Cotton Ginning 
Laboratory in 1930. During World War II, special attention 
was given to dehydration of foods and compressed packaging. 
Projects now include, in addition to cotton ginning, work on 
fiber flax processing in cooperation with the Oregon Agricultural 
Experiment Station; production and processing of tropical and 
semi-tropical fibers such as sansevieria, ramie, and kenaf with 
the Florida Agricultural Experiment Station; rural industries 
and services, University of Georgia; fruit and vegetable proc- 
essing and handling, Michigan Agricultural Experiment Station; 
poultry processing, New Jersey Agricultural Experiment Sta- 
tion; and farmers’ cooperative processing plants and operations, 
Farm Credit Administration. Part of the cotton-ginning work 
and the cooperative projects with Georgia, Michigan and New 
Jersey are financed under the Research and Marketing Act of 
1946. All of these projects deal with machinery and facility 
developments of a technical nature, except the cooperative 
project with the FCA, in which emphasis is placed on plant 
design, layout and equip- 
ment for greater efficiency 
both from the standpoint 
of quality and quantity of 
production. These investi- 
gations are generally of 
the survey type but may 
include applications of new 
and improved equipment 
or techniques. Studies of 
the survey type have 
included farm and small 
commercial poultry -dress- 
ing plants, regular produc- 
tion-line poultry - dressing 
plants, farmers’ produce 
markets, livestock feed 
manufacturing, and ched- 
dar cheese plants. They 
have been regional or na- 
tional in scope. 


The number and types 
of activities under agricul- 
tural or rural industries 
cover a wide field and sev- 
eral attempts have been 
made to define or encom- 
pass the scope of activities. 
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Hurd* gave the following definition: “A rural industry is an 
activity in which the predominant man power resides on the 
farm, and where modern technology is applied to fabricate, 
process, or otherwise transform products into a more finished 
state.” 

The ASAE Committee on Agricultural Industries prepared 
a definition which was used in part by White}, viz., “From 
an engineering viewpoint, agricultural industries and services 
may be defined as any enterprises where engineering techniques 
are applied in preserving or changing the form of agricultural 
products; in assembling, preparing, packaging, marketing, and 
transporting agricultural products, and in processing or manu- 
facturing materials and supplies for farm use.” 

Chapmanf referred to this new and broad field for agricul- 
tural engineers as “agricultural industries and services,” and 
stated that agricultural engineers “...are involved in deter- 
mining the scope of applications that are to be embraced in 
this branch of the engineering profession.” 

The nature of farming is such that industrial engineering 
for agriculture covers activities which can be grouped under 
at least five major headings or categories. These include farm 
supplies, farm services, marketing service and facilities, crop 
conditioning and storage, and crop and livestock products 
processing. Some enterprises listed under the several categories 
are of minor importance and others are not generally thought 
of in connection with the work of agricultural engineers. 
However, they all contain some engineering application, such 
as heating, ventilating, drying, freezing, refrigeration, air 
conditioning, conveying and handling, reducing, separating, 
mixing, blending, weighing, measuring, forming, extruding, 
pressing, power application, and controls. 

Farm Service and Supply Plants: greenhouses, nurseries, 
hatcheries, rendering plants, feed grinding and mixing, ferti- 
lizer mixing, insecticide and fungicide preparation, fence post 
treating, boxes and baskets, cooperages, tool handles, brooms, 
and ice. 

Plants in this group grow, fabricate, process, or manufac- 
ture farm supplies and are found in rural areas. Some, such 
as those for fertilizer, feed, and insecticides, are often com- 
mercial in nature and not necessarily located in production 
areas. However, there are many small ones. Agricultural 
engineers are probably more familiar with equipment and 
operations in poultry and livestock feed manufacturing plants 
than in the other enterprises listed. 

Farm Service Operations: spraying, dusting, fumigating, 
painting, repairing, and servicing machinery, repairing and 
servicing appliances, contracting farm work, providing and 
servicing utilities, and building and repairing buildings. 

These service operations are performed by engineers and 
others working from towns and villages in farming areas. 
They provide agriculture and the farm 
home with services similar to those 
available to urban dwellers. 

There is reported a need for qual- 
ified rural builders and for prefabri- 
cated structures such as septic tanks. 
More farm water cisterns for fire 
control are needed. 


Marketing Services and Facilities: 
sales barns, warehouses, roadside mar- 
kets, farmers’ retail and wholesale 
markets, and auctions. 


— — — 


*C. J. Hurd, formerly chief, agricultural 
engineering development division, Tennessee 
Valley Authority, in a paper presented at 
the ASAE annual meeting, June 20, 1944. 

tHarold D. White, research professor of 
agricultural engineering, University of 
Georgia, in a paper presented at a meeting 
of the Southeast Section of ASAE, Febru- 
ary 14, 1948. 

¢Dr. Paul W. Chapman, dean of agricul- 
ture, University of Georgia, in a paper pre- 
sented at the ASAE annual meeting, June 
25, 1946. 
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Engineering problems encountered in marketing centers 
usually have to do with location, building design, traffic, drain- 
age, arrangement of facilities, approaches, refrigeration, light- 
ing, and sanitation. At large markets a number of packaging, 
gtading, and processing services may be provided. 

Improvements in transportation equipment would redice 
deterioration in quality and losses occurring in shipping fresh 
fruits and vegetables. Better loading, shipping, unloading and 
handling facilities for livestock should be developed to reduce 
losses associated with bodily injury and improve labor efficiency. 


Crop Conditioning and Storage: packing fresh fruits and 
vegetables, drying, curing meat, curing cheese, curing rvot 
crops, cold storage, seed cleaning and treating, grain elevators, 
compresses, wool grading and scouring, and warehousing. 

Grain and forage drying and root crop storage probably 
have received more attention by agricultural engineers than 
any other items listed under crop conditioning and storage. 
The packing of fresh fruits and vegetables, seed cleaning and 
treating and grain elevators are active projects in some areas. 

Processing Foods: canneries, freezing plants, frozen food 
locker plants, dehydrators, abattoirs, creameries and dairy 
products, poultry dressing, eggs and egg products, corn meal 
and grits, syrup, starch, nuts, oils, juices, pickles, vinegar, 
jelly and jam, condiments, confections, apple butter, peanut 
butter, honey, meat by-products, beverages, and cordials. 

The food-processing list is the largest and perhaps also the 
most important so far as agricultural engineers are concerned. 
There are both small and large operators and the industry has 
many ramifications. A variety of technically trained people 
are employed, including food technologists, bacteriologists, 
home economists, commodity specialists and agricultural, 
chemical, and mechanical engineers. Quality control is im- 
portant and often must be extended to include cultural prac- 
tices and marketing phases. 

Sanitation is one of the major problems in operating most 
food-processing plants. There are federal, state, county and 
municipal regulations dealing with working conditions as well 
as product sanitation in many instances. To keep a food- 
processing plant clean is a never-ending and time-consuming 
job even under the best of conditions. Design features are very 
important as aids in sanitation; these include layout, lighting, 
drains, floor slope to drains, finish for floors and walls, water 
supply, and waste disposal. 

The food-processing industry is faced with many ma- 
chinery development or adaptation problems, especially for 
small-scale operations. Improvements in labor efficiency through 
methods engineering are most important. 

Mechanical refrigeration has had a profound influence in 
shaping the food-processing industry during recent years for 
both large and small plants and in (Continued on page 444) 
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Farm conservation contracting represents one of the many opportunities open to agricultural 


engineers for self-employment 
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Mechanization of Southeast Agriculture 
By George B. Nutt 


MEMBER A.S.A.E. 


South Carolina, Georgia, Florida, Alabama, Tennessee, 

and Mississippi are in the news today from the agricul- 
tural and industrial viewpoints. Industrial development and 
farm mechanization are complementary programs and will be 
considered together in this discussion. Natural resources con- 
sisting of a good climate, raw materials, fuel, adequate electric 
power and stable labor have attracted the attention of many 
manufacturers to the Southeast. An impressive record of in- 
dustrial progress has been made since 1939. The 1947 census 
of manufacturers for the period 1939-47 gave the Southeast 
an increase of 248 per cent “on value added by manufacturers” 
against the national average of 204 per cent. South Carolina, 
Mississippi, Georgia, and Alabama were outstanding in this 
achievement with South Carolina ranking second in the nation. 
Contributing to this industrialization were manufacturing gains 
in textiles, lumber and products, chemicals, ceramics, furniture, 
farm machinery and tobacco. 

Farming has undergone some changes during this period. 
Beginning about 1935, farmers became more conscious of soil 
and water conservation. Farming practices have changed as a 
result of the conservation program and changing economic 
conditions. The new and improved farming practices com- 
bined with the industrial development have given the South- 
east an infectious air of progress. 

In this connection, let us look at the Southeast as a con- 
sumer market. Joseph K. Heyman, southeastern business con- 
sultant, reports: “Retail outlets rang up total sales of more 
than 16 billion dollars in 1948; the total was 414 billion in 
1939, the last census year. 

“The Southeast enjoyed a sales gain of 252 per cent be- 
tween the two census counts. This is substantially better than 
the 210 per cent gain for the United States as a whole. Every 
state in the region beat the national gain. This is further evi- 
dence that Dixie is on the rise.” 

The U.S. Department of Commerce gives an optimistic 
report for the Southeast using new construction figures as a 
yardstick. Urban construction was up 11 percent over 1948 
during the first 11 months of 1949 compared to a nationwide 
gain of 4 per cent. Alabama, Mississippi, and South Carolina 
led si region with gains of 30, 26 and 23 per cent, respec- 
tively. 

The industrial progress of the Southeast with its growing 
markets is materially affecting the agriculture of the area. 
Farmers of the Southeast, to a great extent, have been de- 
pendent upon cotton. I do not want to minimize the impor- 
tance of this crop which is the main source of farm income 
to several of the states. However, the shrinking market for 
cotton combined with higher yields per acre has released many 
acres for other uses. We are discovering that soils of the 
Southeast may be utilized for a wide variety of crops. Here 
are the figures for 1948 in terms of acres: Cotton, 8,184,000; 
corn, 16,035,000; small grain, 5,521,000; tobacco, 1,031,100; 
peanuts, 2,977,000; soybeans, 1,691,000; hay, 8,044,000. In 
addition to these major crops, many thousands of acres are 
utilized to produce fruit, truck crops, pecans, and miscellane- 
ous commodities. 

Only in recent years have farmers discovered that adequate 
grazing may be provided for livestock throughout the year. 
Thousands of acres which once produced cotton and more re- 
cently were idle are now covered with a blanket of grass and 
legumes. Some states have adopted the slogan “Cover the 


Ts states of the Southeast—Virginia, North Carolina, 


This paper was presented at the annual meeting of the American 
Society of Agricultural Engineers at Washington, D. C., June, 1950, as a 
contribution of the Power and Machinery Division. 

The author: Grorce B. Nutt is head, agricultural engineering de- 
partment, Clemson College, Clemson, S. C. 


state with a blanket of green,” and those blankets which are 
grazed by high-grade cattle are strikingly beautiful during the 
winter months when much of the nation is under a blanket 
of ice and snow. 

The buying power of the Southeast, mentioned previously, 
is largely responsible for the livestock program and the crops 
which are being produced for livestock feed. There is a mar- 
ket for fresh meat, milk, and other products that did not exist 
at one time. Southeastern states have been importing milk, but 
the trend is toward developing a dairy industry to meet the 
needs of the region. Agricultural Commissioner L. Y. Ballen- 
tine of North Carolina reports that his state imported nearly 
79 million pounds of fluid milk in 1948. Last year the amount 
brought in from other states dropped to 53 million pounds. 
Now, he says, North Carolina is importing no fluid milk for 
the first time in 10 years. In this livestock program, the 
Yankees are joining us. Farmers, particularly dairymen from 
the Midwest, are going into the dairy business right in our 
midst. We welcome these migrants because they are bringing 
the know-how with them. 

Progress in Mechanization. What does the industrial de- 
velopment and changing pattern of agriculture mean in terms 
of mechanizing agriculture? Let’s look at some sales figures 
for two prominent lines of farm machinery. A company sales 
branch serving two states sold $2,432,084 worth of tractors 
and machinery in 1938, as compared with $12,252,620 in 1949. 
Sales increased during this entire period with the exception of 
1943 and 1944 when production of farm machinery was cur- 
tailed in favor of munitions. Another company branch com- 
prising approximately five states of the Southeast had a total 
sales volume of $1,000,000 in 1938. The combined sales during 
1948, 1949 and 1950 totaled $60,000,000 by May of this year 
and the sales territory has not been altered. The volume in 
1948 increased 50 per cent over 1947, and the 1949 volume in- 
creased 40 per cent over the previous year in spite of a very 
poor crop year. Indications point to 1950 surpassing all other 
years in volume of business for this company. 

What about other companies? Sales figures are not avail- 
able, but it is significant that within the past year five com- 
panies have provided new branch facilities in the area serving 
the Carolinas, Georgia, Alabama, and Florida. Some of these 
are new quarters for well-established lines, while others are 
factory branches replacing jobbers. All of these companies set 
new sales records in 1948 and 1949 and hope to repeat this 
achievement in 1950. 

The increase in the number of tractors on farms is an index 
of the trend toward mechanizing Southeast agriculture. The 
following comparisons are based on the 1940 census and the 
estimate made by Farm Implement News as of July 1, 1949: 


States 1940 1949 Increase, 

per cent 
Mississippi 10,577 40,504 233 
Alabama 4,129 33,510 711 
Georgia 9,327 49,060 426 
South Carolina 4,791 26,850 460 
North @arolina 12,756 52,130 308 
Virginia 11,951 43,650 265 
Florida 7,703 25,660 233 
Tennessee 11,817 39,235 232 
Total 73,051 310,599 325 


E. D. Wilbourn of Farm Implement News says, “I doubt 
that any other section of the country would equal the South- 
east in the percentage increase of tractors on farm during this 
91-year period.” 

During this same period, the mule population has been de- 
clining rapidly. The average mule population during the 
period 1938-47 for the eight states was 1,799,000. In 1949, the 
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number had dropped to 1,482,000. The statement has been 
heard that “in two or three decades, the mule will be such a 
rare animal that a visit to the zoo will be necessary to see 
one.” I do not think this reliable old hybrid is headed for ex- 
tinction, but he is rapidly being replaced by more satisfactory 
sources of farm power. 

The postwar industrial expansion of the Southeast and the 
mechanization of agriculture of the region were timed proper- 
ly. The Southeast lagged behind other sections of the United 
States in agricultural mechanization for two important reasons. 
First, there was an oversupply of cheap farm labor because 
competition for labor was negligible. Second, crops typical of 
the area such as cotton, tobacco, peanuts, and sweet potatoes 
were difficult to mechanize completely. These crops, as they 
have been grown for generations, are great consumers of hand 
labor. 

The man-hour requirement for producing these crops has 
challenged agricultural engineers of the farm implement indus- 
try and experiment stations and great progress has been made 
in reducing the labor requirement. Cotton, for example which 
requires approximately 150 man-hours per acre by the time- 
honored system of mule-drawn implements, hand hoeing and 
harvesting, has been reduced to 18 hours or less with tractors, 
mechanical harvesters, etc. There is still much to be accomplished 
in weed and grass control and development of mechanical 
harvesters suited to small farms of the Southeast before 
complete mechanization of cotton production may be considered 
practical. Similar conditions prevail for many other typically 
southern crops. Very little progress has been made in reducing 
the man-labor requirement in producing flue-cured tobacco. 
Agricultural engineers met with the tobacco workers in a con- 
ference held at Gainesville, Florida, for the first time this year. 
With an agricultural engineering section added to the tobacco 
workers’ organization, it is to be expected that further efforts 
will be made to substitute machinery for many of the hand 
operations required in producing tobacco. 


GREATER PROGRESS IN MECHANIZING CERTAIN CROPS 


Much greater progress has been made in mechanizing the 
production of corn, small grain, soybeans, and hay. Machinery 
for these crops was developed for other sections and modified 
where necessary to meet the peculiar requirements of the 
Southeast. Although the Southeast is thought of as a cotton 
area, it is interesting to note that more than three times as 
many acres are utilized to produce feed crops. There are two 
acres of corn for each acre of cotton. Admittedly, the corn 
yields are low, but the use of hybrid varieties adapted to the 
area, increased fertilization and better cultural methods, is 
bringing about a yearly increase in corn yields. What does 
this means in terms of mechanization and economy to the re- 
gion? Any livestock program is dependent upon feed produced 
at a minimum cost. With the exception of corn, feed produc- 
tion is fairly well mechanized in the Southeast. The latter will 
be mechanized to a greater extent as varieties suited to harvest 
with mechanical pickers become more common. The feed and 
livestock program also means that we are not wholly de- 
pendent upon cotton. 


Considerations of the Future. In 1945, there were 1,616,592 
farms in the 8 southeastern states. Assuming some increase in 
the 310,599 tractors on southeastern farms for 1949, reported 
by Farm Implement News, there is approximately one tractor 
for every 5 farms. Obviously, there is a discrepancy in this 
line of reasoning because many farms use more than one trac- 
tor and the census classifies some holdings as farms that are 
too small to warrant a tractor. The fact remains that the 
market potential for tractors and implements is great in the 
Southeast. Combined with the opportunity for sales is the 
tesponsibility to develop machinery suited to the peculiar needs 
of the region. Implement companies have done much in this 
respect, but many farmers are still struggling with equipment 
not adaptable to their particular needs. Typical southern crops 
such as cotton, peanuts, and tobacco await the further de- 
velopment of machines to lower production costs. 

There is a great industrial and agricultural awakening in 
the Southeast. The better balance between agriculture and 
industry is bringing general prosperity to the region. 
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Agricultural Industries 
(Continued from page 442) 


transporting perishables. Home freezers and freezer lo ker 
plants have brought the practice of freezing as a mean: of 
preserving food to the home and rural communities. Lo: ker 
plants have a preponderance of rural patrons. Attractive «on- 
sumer packages, refrigerated display cases and zero stoi age 
facilities have been contributing factors in the widespread is- 
tribution of frozen foods for the urban population. 

Frozen food locker plants have brought about some de: en- 
tralization of the meat-packing industry. These plants usu. lly 
provide chilling, aging and meat-processing services for t)eir 
patrons. Some have abattoirs for the benefit of patrons nd 
also butcher for the public. In most such instances mea: is 
prepared only for local consumption. Federal meat inspect:on 
is required for the product in interstate and foreign comme ce. 
The processing of poultry has proved to be a profitable oj er- 
ation in some instances. 

Product sterilization and atmospheric control are major 
engineering problems in some food-processing procedures. Low- 
pressure vacuums are important adjuncts to some dehydration, 
concentration and sterilization procedures. Electronic applica- 
tions of the electric eye, color grader, ultrasonic and high- 
frequency radiation are being developed for various purposes 
by agricultural engineers. 


RESEARCH ACTIVITY IN FOOD PROCESSING 


At some state colleges practically all research activities on 
food processing are concentrated in a food technology depart- 
ment. At others the subject-matter groups concerned with the 
product, such as horticulture, animal industry and dairy in- 
dustry, work in their respective fields. In the USDA, research 
work on the technical phases of food processing are carried 
on by several bureaus under the Agricultural Research Ad- 
ministration. To an increasing extent agricultural engineers 
are being included as cooperators. : 

Processing Fibers: cotton gins, flax mills, hemp mills, and 
decorticating plants. 

Vegetable fibers and wool doubtless will continue to have 
stiff competition from artificial fibers. Problems of an engineer- 
ing nature for vegetable fibers deal principally with mechaniza- 
tion in harvesting and processing for reducing costs and main- 
taining quality. In working with vegetable-fiber crops an 
increase in unit production per worker is often made at the 
expense of quality. The introduction of mechanical cotton 
strippers and pickers is producing mote engineering problems 
at the gin. The mechanical harvester shortens the ginning 
season and complicates the cleaning problems. Cotton ginning 
is a seasonal operation at best and the plants are idle from 8 
to 9 months each year. There might be a possibility of syn- 
chronizing cotton ginning and cottonseed oil milling for order- 
ly year-round ginning. The major problem in this connect:on 
involves the conditioning and storage of seed cotton. 

Processing Structures: saw mills, planer mills, cement «nd 
other building block plants. 

In some areas timber has gone through the industrial ph ase 
and is back to a farm or community basis. In most instances 
agricultural engineers are more interested in the use of lum er 
than in its preparation, but in the farm or community <aw 
and planer mills there are many problems with which agri ul- 
tural engineers can be of service. 

The production of building materials such as cement . nd 
other blocks should perhaps receive more attention by agri: ul- 
tural engineers. There is a need for better engineering con rol 
of the production machines used for molding concrete b! »ck 
and silo staves. There are also problems associated with he 
collection, fabrication and use of waste products. 

In the research, operation, and servicing of these indus' ial 
engineering applications to agriculture there are numerous ob 
opportunities for agricultural engineers. Many of these op; or- 
tunities are for self-employment in operation or as consul! ng 
engineers. Much of the development work in the field, h: w- 
ever, must first be accomplished by research programs car'ied 
out by agricultural engineers in public service. 
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Mechanization Aids Conservation Practices 


By John R. 


Carreker 


MEMBER A.S.A.E. 


P-sTHE use of mechanized equipment and the adoption of 

# tested conservation cropping methods is developing in 

~ the Southeast a more productive and more stable type 
of .griculture. 

Conservation was described by Ordway(6)* as “The plan- 
ne management and wise use of nature’s resources—as a 
wh le, as well as severally. It aims, in cooperation with 
sci: ce and nature, to increase their quality, quantity and 
av. libility through the years. 

‘The science of conservation seeks, through knowledge of 
en. ronmental conditions and development of new techniques, 
to crease production and productivity, decrease waste and 
ass re continuing supply. 

‘Economically, conservation seeks to attain maximum 
yic Js of top quality continuously.” 

Dr. H. H. Bennett has said, “Use of each acre according 
to <s capabilities and treatment according to its needs are the 
basis of soil and water conservation farming.” (1) 

We have now, through mechanization of farming in the 
So. .theast, the tools for applying conservation practices widely 
in our farming procedures. In keeping with the above-men- 
tio.ed descriptions, these conservation practices imply the full 
of agricultural land in continuous profitable production. 
Progress in Mechanization. Mechanization of farms in the 
Southeast has progressed very rapidly in recent years. The de- 
mand for tractors, plows, planting and cultivating equipment, 
broadcast fertilizer distributors, grain drills, combines, and 
other machines skyrocketed during the war period. There has 
apparently been no tendency to return to farming with mule- 
drawn equipment since the war. 

As an example of the mechanization that has taken place 


This paper was presented at the annual meeting of the American 
Society of Agricultural Engineers at Washington, D. C., June, 1950, 
as a contribution of the Power and Machinery Division. A report of 
research conducted by the Southern Piedmont Conservation Experiment 
Section, Soil Conservation Service (Research) USDA, in cooperation 
with the Georgia Agricultural Experiment Station. 


The author: JOHN R. CARREKER is agricultural engineer, Southern 
Piedmont Conservation Experiment Station, Soil Conservation Service, 
USDA, Watkinsville, Ga. 


*Numbers in parentheses refer to the appended bibliography 
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tie. 1 Number of tractors and work stock on farms in Georgia, 1920- 

1°50. Source of data: 1920-45, Georgia Agricultural Statistics, Bulle- 

t'1 543, Georgia Agricultural Extension Service; 1950, Georgia Crop 
Reporting Service. 


in the Southeast, the upward trend in the number of tractors 
and the downward trend in the number of horses and mules 
on farms in Georgia are shown in Fig. 1. The 50,000 tractors 


‘in 1950 represent about one tractor for each five farms in 


the state. 
Comparative data for a number of other implements on 
farms in Georgiat show similar increases, as follows: 


1942 1945 1949 
Combines 3629 6600 
Corn pickers 40 75 600 
Tractor mowers 10,000 
Side-delivery rakes 1,000 6,000 


Much work has recently been done on farms with heavy 
machinery. Farm ponds and reservoirs, numbering into the 
thousands, have been built. Land clearing, reshaping of fields, 
building terraces and constructing drainage systems have all 
been popular uses of large equipment. While all of these jobs 
form a part of an over-all soil and water conservation pro- 
gram, in the long run the major concept of this program deals 
with how crops are produced. This paper, therefore, discusses 
primarily mechanization in connection with cropping practices 
in the Southeast. 

Row-cropping has characterized Southeast agriculture since 
the beginning of farming in this area. The trend toward 
mechanization today is closely tied with the continued produc- 
tion of these same row crops of cotton, corn, peanuts, etc. 
The rapid expansion in the number of tractors and allied 
machines so far has largely been to replace mules, and to 
offset labor shortages. 

Even so, some significant changes in cropping have been 
made. Excerpts quoted below from the annual report of the 
chief of the Soil Conservation Service (1, 2,3) in 1945, 1946, 
and 1949 show some of these trends. 


In 1945, Dr. H. H. Bennett stated, “Continued success has 
been had in getting cover crops grown on croplands. In the 
principal peanut-growing areas of Georgia, Florida, and Ala- 
bama, for example, 236,956 acres of peanut land was seeded 
to winter legumes... . . Increased popularity of blue lupine 
has been particularly striking — from 2,146,460 lb of seed 
planted in these three states in 1943 to 8,449,530 lb in 1944. 
All of this seed was harvested in the states where it was 
planted” (page 17). 

We quote from the 1946 report (page 19): “In the South- 
east the 1946 harvest of blue lupine seed was over 37,000,000 
_ ee The production of wild winter peas (Lathyrus 
hirsutus) has expanded very rapidly in Mississippi and Ala- 
bama.”’ 

In 1949 (page 29), Dr. Bennett wrote: “The tall fescues— 
Suiter’s grass (Kentucky 31 fescue) and Alta fescue — have 
continued to show outstanding values for conservation seed- 
ings. The total estimated acreage planted to these two fescues 
in the southeastern region is over 300,000... .. The seed 
harvest of these two fescues in the southeastern region alone, 
will amount to more than 10,000,000 Ib.” 

Dr. Harry L. Brown, dean and director, college of agri- 
culture, University of Georgia, in a speech before the Georgia 
Farm Bureau Federation at Atlanta, November 8, 1949, stated: 
“In 1930, Georgia farmers seeded 87,500 acres to winter 
legumes. By last year, this acreage grew to 910,150. .... 
Since 1940, the acreage devoted to summer legumes has in- 
creased from 648,000 to 1,339,000. The acreage devoted to 
improved pastures now totals 2,400,000 which is approxi- 
mately 1,000,000 acres above that of 1924. During last year, 
Georgia farmers seeded approximately 400,000 acres to im- 
proved permanent pasture. Acreages devoted to oats and 
wheat have grown from 322,000 in 1924 to 749,000 in 1948. 


+Farm Implement News, June 30, 1949. 
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As a whole, acreages of row crops have, during these years, 
decreased proportionately, but yields per acre have increased. 
Yields of these crops have increased from 18 per cent, in the 
case of peanuts, to 56 per cent in the case of cotton. Corn 
yields have increased 48 per cent since 1924, and tobacco 
yields 46 per cent..... 

“There are several other significant changes which are 
taking place in Georgia’s agricultural picture but I shall take 
the time to mention only one more. This change is in the 


efficiency of agricultural production. . . . The average Georgia. 


farm worker today is producing two and one-half times as 
much as the average farm worker produced 25 yr ago... .. 
Other factors such as mechanization, wiser use of fertilizers, 
etc., have also played an important part in this development.” 

Datat on seed harvested in 1939 and 1949 show the in- 
crease in cover crops used in Georgia: 


1939, 1949, 
Seed harvested pounds pounds 
Blue lupine 0 36,800,000 
Crimson clover 590,000 4,000,000 
Lespedeza 1,595,000 19,100,000 


Even with these quantities of seeds harvested, the demand 
in recent years has exceeded the supply. Prices of crimson 
and Ladino clover, fescue and other grass and legume seeds 
have been quite high. More combines are needed to help har- 
vest additional acreages of these seed crops. 

Mechanization has made possible most of the rapid pro- 
gress cited above. But, as the shift to tractor equipment has 
just begun, we can expect this to be only the beginning in 
establishing better conservation cropping practices throughout 
the Southeast. 


Why Conservation Methods Are Essential. Continuous 
row-cropping on farm land in this area is conducive to soil 
deterioration on most fields. The chief causes of soil depletion 
are runoff, erosion, decline in organic matter, poor soil struc- 
ture and leaching of plant nutrients. Row-cropping alone 
offers little aid in the prevention of these destructive forces. 

We know from the work of Yarnell (7) and others that 
the erosive thunderstorm rains occur most frequently in the 
spring and summer months. Protective measures for runoff 
and erosion control are needed most at this season of the 
year when row crops occupy the land. 

Land that is exposed to the sunshine and frequently stir- 
red is more susceptible to organic matter depletion than that 
covered with thick-growing crops. Also, row crops normally 
return only small increments of organic material to the soil. 
Soil structure is closely associated with the organic matter 
content. With rapid destruction and little return of organic 
material through row-cropping there is no opportunty to im- 
prove the physical condition. 

All of these factors add up to reduced production. Con- 
versely, the prevention of runoff and erosion, the buildup of 
organic matter, the addition of fertilizer elements and the de- 
velopment of a good soil structure result in increased yields. 

The erosion patterns throughout the year from different 
crops grown on Cecil sandy clay loam soil with a slope of 7 per 
cent, with 70-ft slope length (approximate distance between 
terraces) at Watkinsville, Ga., are shown in Fig. 2. The 
length of record for each crop grown is listed in the figure. 

Where cotton was grown continuously, the erosion was 
greatest in summer, moderate in winter and spring, and light 
during the fall. The average annual loss was 22.85 tons per 
acre. 

A 3-yr rotation of oats and sown Kobe lespedeza, volun- 
teer lespedeza and cotton greatly reduced this soil loss under 
the same soil and rainfall conditions. The average annual 
erosion losses from the crops in this rotation were: 


Oats and sown lespedeza 
Volunteer lespedeza 
Cotton 

Annual average 


3.59 tons per acre 

0.22 ton per acre 
6.35 tons per acre 
3.39 toms per acre 


This average annual loss of 3.39 tons per acre, from the 


tBased on estimates by the Georgia Crop Reporting Service. 
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rotation, compared to 22.85 tons per acre from continuous 
cotton represents a reduction of 85 per cent. Within the roca- 
tion, the excellent cover of volunteer lespedeza was the most 
protective; cotton the least. 

Three years of records on our runoff plots indicated t!.at 
by ripping the lespedeza stubble in preparation for the row 
crop, the soil loss from the cotton was reduced by 56 per cet. 
Other problems such as cloddiness, poor stands, excess.ve 
weed growth and reduced yield accompanied this ripping pr ic- 
tice, however. Additional tillage studies here have not p o- 
duced information to date that indicate special tillage meth: 4s 
with equipment presently available are yet superior to c.n- 
ventional: practices with the cropping sequences used. 

Improved cropping practices made practical by mechani-a- 
tion appear at this time to offer the greatest possibilities {or 
conservation benefits. Many rotations with varying degrees >f 
ground cover are available to farmers of the Southeast. Hen- 
drickson et al (5) showed that as the ground cover was :n- 
creased with adapted legumes and grasses in crop rotations, 
runoff and soil losses were decreased and crop yields increased. 
These cropping practices included rotations of 1-, 2-, 3- and 
4-year cycles containing sequences of row crops such as cotton, 
corn, peanuts and grain sorghum with close-growing crops 
like vetch, Caley pea§, crimson clover, crotalaria, Kobe lespe- 
deza, small grain, tall fescue grass, Ladino clover and kudzu. 
Each rotation described has within it the desirable features of 
plants giving ground cover during part of the rotation cycle 
and the return of organic matter to the soil. Many reduce 
the number of row-crop years on the land. 

Only through mechanization can such cropping practices 
as these be widely established. Included in the equipment 
needs for this type of farming are power and tools for 

1 Tillage of sod lands 

2 Planting, fertilizing, cultivating and harvesting row 

crops 

3 Broadcast drilling of seeds of legumes, grasses and 
small grains 
Making broadcast applications of fertilizers 
Mowing and other forms of weed control 
Haymaking 
Combine harvesting a variety of seeds. 

These operations should be performed within terrace in- 


§This Caley pea is the same as the wild winter pea referred to by 
Dr. H. H. Bennett, and is also known as Singletory pea. 


SINAWY ® 


YEARS OF RECORD: 
CONTINUOUS COTTON — 1940-49 
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Fig. 2 Accumulated soil loss by months in tons per acre from con- 
tinuous cotton, from oats and Kobe lespedeza, volunteer Kobe lespedesa 


and cotton in a 3-yr rotation on class III land with 7 per cent slope 
and 70-ft slope length, Cecil sandy clay loam soil 
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tervals to avoid damage to the terraces and reduction of their 
channel capacity. No substitute has yet been found for ter- 
races and disposal areas for handling surface runoff water 
from sloping cultivated land in the Southeast. 

The production of a variety of crops requiring contour 
cultivation and many short rows in narrow irregularly shaped 
field areas between terraces is typical of our row-crop farm- 
ing methods in the hilly sections. The introduction of new 
crops into the farming system creates new problems for farm- 
ers engaged in conservation programs. However, the power 
controls and the quick-attaching features of implements avail- 
abl. today are distinct aids in alleviating many of these prob- 
lems. Much research and development work lies ahead of the 
far equipment industry, government agencies and others to 
de\ lop the best and simplest machines and techniques for ob- 
taining maximum conservation benefits in our farming pro- 
gran. 

Mechanization of a Family-Sized Farm. The problems 
faccd and the benefits derived from a conservation farm plan 
are exemplified on the 100-acre farm unit (4,5) of the South- 
err Piedmont Conservation Experiment Station at Watkins- 
ville, Ga., which was mechanized in 1948. 

This experimental farm unit has an impressive 9-year 
record of proof that farming is practical and profitable when 
based on the previously stated concepts of conservation farm- 
ing Cropping on 67 acres include the following practices: 

Gentle slopes — 15 acres: a 2-year rotation of (a) wheat 
and Kobe lespedeza and (b) cotton or corn. 

Moderate slopes — 27 acres: a 3-year rotation of (a) oats 
and Kobe lespedeza, (b) oats and volunteer Kobe lespedeza, 
and (c) cotton, corn or grain sorghum. 

Steep slopes— (no rotation): alfalfa 5 acres, sericea 
lespedeza 12.5 acres, and kudzu 7.5 acres. 

Other land usage includes 12 acres of pasture and a one- 
acre pond. Woodland and the homestead occupy the remain- 
ing acreage. 

All the crops grown except the lint from the cotton are 
useful for livestock feed and grazing. Therefore, the entire 
cropping program, designed for its conservation benefits, makes 
a livestock enterprise possible on this farm. Manufacturing 
grade milk is sold from 12 cows. 

The limited acreage of row crops, the variety of crops 
grown and the small herd of dairy cows spread the labor 
load throughout the year. The peak labor demand and great- 
est rush is in the fall for harvesting the cotton and corn and 
planting small grains. 

The power requirements for small-grain planting was the 
determining factor for the size tractor to use on this farm. 
The equipment used includes an 18-dhp tractor, one-row 
planter with fertilizer attachment, one-row cultivator, double- 
disk plow, 6-disk single-gang harrow, tandum disk harrow, 
10-row grain drill, 5-ft mower, side-delivery hay rake, broad- 
cast fertilizer distributor and a tractor-drawn wagon. A power 
duster, hay baler and combine harvester are hired as needed. 
Enough time is available through the cultivating season to 
work off the farm with this tractor and equipment in exchange 
for those items hired. 

Price changes, increases in the dairy herd, and other fac- 
tors make it impossible to compare directly the income on this 
unit for the first 7 years when mules were used and the last 
2 years with tractor operation. However, certain advantages 
are apparent with the tractor and allied equipment. These 
include: 

1 Better, more timely and quicker land preparation, 
planting, fertilizing and cultivation of crops 

2 Time and equipment for exchanging work to pay for 
hired combine, hay baler and power duster 

3 Time and power for developing new and improving 
old pastures. 

4 More time for care and handling of livestock 

5 Less fatigue to farmer and his family 

6 Increased assurance that the desired cropping plan can 
be followed each year regardless of variable weather hazards. 


Gross income in 1949 on this unit was $5,627. Of this, 
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$2,693, or 48 per cent, was derived from direct sales of crops; 
$2,525, or 45 per cent, from the cows, and the remainder from 
other sources. Gross expenses were $1,780, giving a farm in- 
come of $3,847 for labor and capital return. 

In addition to a profitable return, the farming system em- 
ployed on this unit provides reduced runoff, adequate erosion 
control, increased organic matter content of the soil, better 
soil structure, higher crop yields and good distribution of 
labor. Mechanization of the production practices and utiliza- 
tion of the crops through livestock make these benefits pos- 
sible. 

SUMMARY 


Mechanization of farms in the Southeast has increased 
rapidly in recent years. 

Tractors with mounted and drawn implements are now 
available to do the heavy work required in establishing and 
maintaining cropping practices that are an essential require- 
ment for conservation farming. 

The newer conservation methods include the use of sod 
crops in rotations with row crops, a very effective way to re- 
duce runoff and erosion and also increase soil fertility and 
crop yields. Only through the use of mechanized equipment 
can such crops be widely used on tilled land. 

A mechanized 100-acre farm unit on the Southern Pied- 
mont Conservation Experiment Station at Watkinsville, Ga., 
that was managed for maximum conservation benefits showed 
that advantages with machinery included better work, more 
timely operations, less fatigue to operator, ability to follow 
the desired cropping plan and a profitable return from the 
farming operations. 
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The Role of the Practicing Engineer 


bene generation of engineers may well play a decisive role 
in determining whether our free economy will survive. For 
engineers contribute much of that unusual ability which will 
be needed in thé solution of the great problems of our time. 
The productive genius of engineers will largely determine the 
potential rate of economic progress, since the causes of in- 
creasing productivity can be traced largely to technology. 
Engineers can make a necessary improvement in the control 
of employment fluctuations in which the cost of capital invest- 
ment is a key factor. The solution of labor-management dis- 
putes requires the production of additional revenue to which 
the engineer can make an important contribution. The recon- 
struction of foreign countries and the development of back- 
ward areas will require the know-how of the American engineer. 
He will play an important role in sustaining and strengthen- 
ing the armed might of democracies all over the world to 
meet the challenge of the rising tide of destructive forces be- 
yond the seas. 

What a challenge this is to the engineering profession! If 
my estimate of tasks to come is correct, we shall in future 
need more men of good training, of basic ability and broad 
understanding. ... They will require great skills of an admin- 
istrative and economic nature. Thus we shall need to train 
people not merely to preserve our economic system, but to 
improve and perfect it for the maximum good of all the people. 
—Lawrence A. Appley in Journal of Engineering Education, 
June, 1950. 
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The Depth and Spacing of Tile Drains 


By C. S. Slater 


MEMBER A.S.A.E. 


siderable detail the mechanics and hydraulics of tile 

drainage, it appears that the adjustment of the depth 
and spacing of tile lines to the drainage requirements of differ- 
ent soils is still largely a matter of personal experience and 
judgment. References on drainage are generally lacking in 
specific information on this phase of the subject. 

Such information as is available usually is given in general- 
ized statements. One can find statements to the effect that tile 
will draw laterally a distance of about one foot for each inch of 
depth to the tile, or that tile may be placed deeper and farther 
apart in sandy soil than in clay. The latter statement may be 
hedged by the further information that sandy land can be 
overdrained. Advice is sometimes given that in the absence 
of the known behavior of tile on similar soil, tile should be 
laid at different depths and spacings to observe the results for 
a period of years before undertaking large-scale operations. 
Unfortunately, advice of this sort is not applicable generally 
to the recurrent problem of providing suitable tile drainage 
in small and isolated areas. 

Attempts have been made to determine the proper depth 
and spacing of tile on the basis of measurable soil character- 
istics. Perhaps the best known of these is the work by Neal 
(13, 15) * who gaged the depth and spacing of tile by measure- 
ments of soil plasticity and clay content. It is known, however, 
that these measurements are related only in a general way to 
soil permeability and drainage behavior, so that the measure- 
ments are at best but doubtful indices of what the depth and 
spacing of tile should be for specific soils. A much more 
logical approach has been made by Donnan, Aronovici and 
Blaney(2, 7, 8). They have developed a tile-spacing formula 
that is based on soil permeability and the application of 
Darcy’s law to the conditions of lateral flow. Initial tests of 
their equation, based on measured flow from tile lines, have 
shown a satisfactory agreement between the actual and the 
computed spacing of tile under field conditions(8). Essentially 
the same equation also appears in Dutch literature(9). 

Soil physicists meanwhile have clarified certain water rela- 
tionships of soil with respect to the effects of tension on drain- 
age(5, 6, 10, 12, 16), and have provided a logical basis for 
determining the depths of soil from which free water must be 
removed if drainage is to be effective. Other investigators 
have developed methods and criteria for determining the per- 
meability of soils (1, 4, 11, 14, 17). 

With the information that is available now, it should be 
possible to develop a systematic procedure to determine the 
drainage ability of soils and the approximate proper depth 
and spacing of tile drains for different soil conditions. The 
following discussion is an attempt in that direction. However, 
the reader should recognize that the details of procedure as 
presented are adapted primarily to the drainage conditions of 
humid areas. In this connection, certain factors have been 
limited arbitrarily and these limits ultimately may require 
modification in broader applications. 

The Equation for Lateral Flow. The proposed procedure 
is based largely on an understanding of the equation for lateral 
flow and its limitations. For uniform conditions of perme- 
ability above a barrier layer as shown in Fig. 1, the formula 
may be written 


A sere drainage engineers have worked out in con- 


_ 4P(b?- a?) 


v 
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where S is the distance between drainage lines, P is the perr e- 
ability of the soil, v is the rate at which a depth of water is 
to be removed from the area that is to be drained, 4 is ‘ 1e 
distance from the barrier layer to the drawdown curve at ts 
midpoint, and a is the distance from the barrier layer to ‘ 1e 
drawdown curve at the tile line; or, more accurately, it is *1¢ 
depth of water in an escape ditch that extends from the barr er 
layer to the ground surface. Briefly then (for the conditic 1s 
of Fig. 1, and if we assume that tile are as effective as an. s- 
cape ditch in removing water at the plane of a) the proj er 
spacing of tile can be calculated by determining 

1 The permeability of the soil. Variations in permeabil:-y 
also determine the location of the barrier layer 

2 The depth at which the tile should be placed. This .|- 
lows for the determination of the quantity a4 

3 The depth of soil above the water table that must »e 
drained at the midpoint between the tile lines. This allows for 
the determination of the quantity 4 


4 The rate at which water is to be removed from the 
area. This fixes the value of v. 


Derivation of the Formula+. According to Darcy's law, 
the flow of water through a column of soil is expressed by the 
equation v = P(h//), where v is the rate of transmission per 
unit of area. It is equal (in linear measurement) to the depth 
of water that is transmitted in unit time. P is the perme- 
ability constant, 4 is the hydraulic head, and / is the length of 
the soil column through which the water moves. It is necessary 
to identify these quantities in the diagram of Fig. 1 in order 
to derive the equation for lateral flow. 

Consider first only the section that lies above the plane of 
the tile, and let v, be the corresponding depth of water per 
unit of time to be removed from the land area that is repre- 
sented by the distance O.5S. As this depth of water escapes 
laterally along the face of the drawdown curve, it is confined 
to a vertical section that is represented by the distance b-a. In 
this section then, for lateral flow, the v of the Darcy equation 
may be represented by the expression, v,(0.5S[b-a]}). 

A further study of Fig. 1 will show that the lateral pres- 
sure gradient in planes at all points along the line b-a (the 
4/I of the Darcy equation) is equal to the ratio, (b-a)/0.5S. 
This is the ratio that would hold if the water at all points 
along the line b-a traversed the whole distance laterally from 
the line to the drawdown curve. However, two mutually caa- 
cellable factors should be introduced into the expression as a 
matter of accuracy. One is based on the premise that on /%¢ 
average water that is transmitted laterally at any plane in the 
section under discussion is moved only half the distance from 


¢ The formula is derived elsewhere in slightly different form by he 
methods of integral calculus(2, 7). The derivation given here has 10 
advantage other than that of mathematical simplicity. 
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Fig. 1 Diagrammatic identification of terms used in_ tile-spac.1g 
calculations 
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the line 5-2 to the drawdown curve. The other is based on the 
premise that the water is delivered on the average at a point 
that is only half the distance from the midpoint of the draw- 
down curve to the tile line. Consequently, in calculating the 
delivery of water to the escape ditch, the expression should 
be multiplied and divided by 2, which would, of course, put 
us right back where we started. 

Now, making the necessary substitutions in the Darcy 
equation, we can write v,(0.5S/{b-a]) = P({b-a}/0.5S) 


et, = i ee {1] 


Ths equation will be referred to later in the discussion. 

Consider now the section that lies below the plane of the 
tile. and let v, be the depth of water per unit of time that this 
secon will remove by lateral drainage from the land area that 
is | -presented by the distance 0.55. As this water escapes later- 
all. along the face of the escape ditch, it is confined to a 
ve ‘ical section that is represented by the distance a. In this 
se ion, then, the v of the Darcy equation becomes, for lateral 
flo, v, (0.5S/a). 

The corresponding lateral pressure gradient in planes at all 
po.ats along the lines a ( the 4// of the Darcy equation) ap- 
pe rs to equal (b-a)/0.5S. That is to say, this is the ratio that 
would hold if all the water traversed the full distance of the 
lin» §/2. However, since water is removed from all sections of 
the land surface represented by the line $/2, the average 
dis'ance through which the water passes in order to reach the 
escape ditch is 0.5S§/2. Therefore, to meet the special conditions 
of lateral flow, the effective pressure gradient is 2(b-a)/0.5S. 

Now making the necessary substitutions in the Darcy 
equation, we can write v,(0.5S/a) = P(2{b-a}/0.5S) 


i a sin rnprntciemenenionicmmorenl {2} 


The total lateral flow in unit time obviously is the sum of 
equations [1] and [2] 


ies P(b-a)2 + P(2ab — 2a?) 


0.2552 
Clearing, = P(b2 — 2ab poo 2ab — 2a) 
Simplifying, v = ba 


Whereby S?= = 

It may be well to note at this point that when numerical 
values are substituted for the quantities in the equation, it is 
necessary to express P and v in identical units. Thus if P is 
expressed in inches per hour, then v must also be expressed in 
inches per hour. However, P and v may be expressed in any 
other unit of rate without affecting the validity of the equa- 
tion. S will always be determined in whatever unit of length 
is used to identify 6 and a. 

Advantages and Limitations. The chief advantage of the 
formula for lateral flow is its relative simplicity. To under- 
stand the derivation given here requires a minimum of ex- 
perience in mathematics. More accurate expressions for flow 
in porous media can be derived on the basis of hypothetical 
equipotential lines and the use of higher mathematics, and 
those who understand the more complicated forms should be 
encouraged to use them. But understanding is an essential 
part in the practical application of any formula that applies 
to soils, since field conditions never match the hypothetical 
considerations on which formulas are based. It follows that 
‘he simpler expression, although of only approximate ac- 
curacy, is frequently the more useful. 

_ A limitation of the formula is its failure to account for 
‘he restriction in flow that must occur when the water con- 
‘erges to a tile line instead of passing freely into an escape 
itch, The error from this source increases as values for a 
‘re increased. The formula fails to account also for lateral 
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flow that may take place under tension just above the free 
water surface along the drawdown curve(7). 

The Formula and Variable Permeability. The usefulness 
of the general formula for lateral flow in practical applica- 
tions may be questioned because soils are seldom found with 
the uniformity of permeability that was assumed in the deriva- 
tion of the formula. Soils are commonly characterized by 
profiles that are made up of horizons of variable permeability. 
In this connection, the stepwise derivation of the formula as 
given makes use of a procedure that can be expanded to esti- 
mate the lateral flow in a soil profile of striated permeabilities. 
The procedure is illustrated in the manner in which values of 
v, and v, were calculated separately for the sections (or hori- 
zons) above and below the plane of the tile. However, since 
the permeability of the soil layer at the depth at which the tile 
is placed governs the rate of flow to a marked degree (because 
of the concentric nature of the flow as it approaches the tile), 
the permeability of that layer only will be considered as gov- 
erning lateral flow throughout the whole soil depth in the 
present discussion. Variations in permeability need to be con- 
sidered only in determining the depth at which the tile should 
be placed. 


Determination of Soil Permeability. Since the use of the 
formula to determine spacing of tile for different soils is de- 
pendent on their permeabilities, this soil characteristic should 
be determined with as much precision as circumstances will 
permit. A choice of methods is available, but frequently in- 
stallations will have to be based on the soil conservation survey 
classifications of permeability. O’Neal(14) has reported on 
observational methods of classifying soil permeability and 
gives the following permeability classes and corresponding 
rates: 


Class Rate, inches per hour 
Very slow Less than 0.05 
Slow 0.05 to 0.2 
Moderately slow 0.2 to 0.8 
Moderate 0.8 to 2.5 
Moderately rapid 2.5 to 5.0 
Rapid 5.0 to 10.0 
Very rapid 10.0 or more 


It will be seen later that the substitution of these rates in the 
formula for lateral flow aids in forming a concept of the 
classes of soil that can be drained by tile installations at rea- 
sonable depths and spacings. 

Location of the Barrier Layer. The location of a barrier 
layer must be determined before practical use can be made of 
the formula for lateral flow, since the values of 4 and a are 
dependent on it. Occasionally the barrier layer can be identi- 
fied easily by noting sharp changes in the structure and texture 
of the soil. In other cases the barrier layer is more difficult to 
locate. It happens frequently that the permeability of the soil 
decreases gradually with depth. In this case any layer of soil 
in the slow or very slow permeability class may be considered 
a barrier layer. If more permeable zone extends appreciably 
below the depth at which tile may be placed, the presence of 
an arbitrary barrier nearer to the tile must be assumed to 
adjust for the constriction in flow that takes place in the 
vicinity of the tile. In such cases the assumption of a barrier 
layer at a depth 2 ft below the plane of the tile appears to 
be reasonably satisfactory. Admittedly more information is 
needed on this point. 


Depth at Which Tile Drains Should be Placed. The depth 
of tile placement is governed by engineering and soil consider- 
ations. The tile should never be laid less than 2 ft deep solely 
as a matter of protecting the tile system. How much deeper 
tile can be laid is governed frequently by the elevations at 
which outlets must be placed. If tile are laid deeper than 5 ft, 
the cost of laying the tile increases sharply, particularly if any 
difficulty is encountered in the caving of trench walls. Engi- 
neering considerations in general reduce the question to this: 
At what depth between 2 and 5 ft shall the tile be placed? 


Other considerations, based on soil properties, affect the 
depth of tile placement. Drainage lowers the water content 
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of the soil above the water table as the depth to water table 
increases, in accordance with the drainage characteristics of 
the soil(16). Light-textured soils, and organic soils where 
the water table must be kept high to prevent subsidence, can 
be overdrained. Except for these special cases, the deeper the 
tile are placed in soils of uniform permeability, the better for 
most crops. Loams and heavier soils have water-holding 
capacities great enough to make them drought resistant without 
benefit of the fringe water that is brought up by capillarity 
from the water table, and lowering it has the effect of deepen- 
ing the soil that is suitable for root growth. 


Variations in permeability within the soil profile govern 
to a large extent the depth of tile placement in the heavier 
soils. Consider the case of a soil that has a decreasing perme- 
ability with depth. The choice of tile depth lies between the 
two extremes of (a) placement of the tile at the surface 
where the value of 42-a? in the equation for lateral flow be- 
comes zero and(é ) deep placement where the value of P becomes 
zero. The correct depth, based on the formula for lateral flow 
and within the limits set by engineering considerations, is the 
one where calculations based on the formula show the largest 
value for S, the tile spacing. 


In soils having a markedly striated permeability the same 
type of reasoning applies. It results usually in placing the tile 
in the most permeable zone within the limits fixed by engineer- 
ing considerations, provided that no soil above that depth is 
less than slowly permeable. In practice, the calculated depth 
should be decreased in some cases to avoid laying the tile on 
an impermeable stratum. The tile obviously should be sur- 
rounded by permeable soil to reduce resistance in the zone of 
constricted flow around the tile. 


Determination of the Value of ain the Equation for Lateral 
Flow. Fixing the position of the barrier layer and the deter- 
mination of the depth at which the tile are to be placed gives 
by difference the value of a in the equation for lateral flow. 


Determination of the Value of b in the Equation for Lat- 
eral Flow. The value of 4 in the equation for lateral flow is 
the distance from the barrier layer to the top of the water 
table at the midpoint between tile lines. This is the point or 
line of minimum drainage in the field. In practice, d is not a 
fixed value but varies with seasonal water conditions. Conse- 
quently a value of 4 should be accepted for calculation pur- 
poses that will give an adequate rate of drainage when mois- 
ture conditions are critical. That is to say, we must base our 
spacing S on the rate of drainage that is needed when the 
water table is at or near the soil surface. Conditions become 
critical generally if the water table rises to within one foot 
of the surface even for short periods of time. The value of 4 
to be used in calculations of tile spacing is one foot less than 
the distance from the barrier layer to the ground surface. 


Determination of v in the Equation For Lateral Flow. Ex- 
perience in tile drainage indicates that tile drainage systems 
should be designed to remove from 0.01 to 0.015 area inches 
of water per hour(3). Since these design rates are based on 
maximum conditions of flow when the land is flooded or par- 
tially flooded and equal the carrying capacity of the tile, the 
lowest rate given serves as an acceptable value of v for calcu- 
lation in the equation for lateral flow under the conditions 
described in the preceding paragraph. 

Determinations of Tile Spacings. When values have been 


fixed for P, b, a, and v, as described above, values for S are 
easily determined. The following table shows the approxi- 


Permeability Tile spacing, in feet, for tile placed at depth of 
class Permeability 3 ft 4 ft 5 ft 
Very slow 0.0 to 0.05 Oto 15 Oto 20 Oto 25 
Slow 0.05 to 0.2 15 to 30 20to 40 25 to 50 
Moderately 

slow 0.2 to0.8 30to 60 40 to 80 50 to 100 
Moderate 0.8 to 2.5 60 to 110 80 to 145 100 to 180 
Moderately 

rapid 2.5 to 5.0 110 to 155 145 to 205 180 to 255 
Rapid 5.0 to 10.0 155 to 220 205 to 290 255 to 360 
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mate spacings required by formula when tile are placed at 
depths of 3, 4, and 5 ft in soils of uniform permeability with a 
deep barrier layer more than 7 ft below the soil surface. In 
making the calculations, the barrier layer is assumed to be 2 ft 
below the depth at which tile is laid for stated reasons. Thus 
the value of a is fixed at 2 ft, b is one ft less than the depth 
from the soil surface to the assumed barrier layer and v equals 
0.01 iph. 

The following example is illustrative of calculations for a 
soil having striated permeability: 


Permeability of top 2 ft, 2 iph 
Permeability of next 1.5 ft, 0.5 iph 
Permeability below 3.5 ft, 0.1 iph 


For tile at 3 ft, a = 0.5 ft, 6 = 2.5 ft, P = 0.5 iph, and v = 
0.01 iph. 


For tile at 4 ft, a= 2ft, = 5 ft, P=0.1iph, and v = 
0.01 iph. 


Making the corresponding substitutions in the equation for 
lateral flow: 


_ 4X 0.5(2.52 — 0.52) 


S2 = 
0.01 , 5 = 35 ft 
4 X 0.1(52 — 22) 
§2 re = 
0.01 ,S = 29 ft 


We conclude that this soil is more easily drained with tile at 3 
ft than it is with tile at 4 ft. 
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Drainage of Sugar-Cane Land 


By Irwin L. Saveson 
MEMBER A.S.A.E. 


been recognized for at least a century. The Agricultural 

Year Book for 1855, commenting on the failure of the 
sugar-cane crop in Louisiana that year states “These defects, it 
is conceived, are not attributable alone to untimely frosts but 
mainly to injudicious cultivation, such as neglect of proper 
drvinage, etc.” In proposing a plan for restoration, the fol- 
lov ing comment is made: “The perfection of culture of sugar 
cane, like that of Indian corn, consists in returning to the soil 
on which it grows, through the medium of fertilizers, the 
whole of the essential substances extracted from it by the 
preceding crops, the eradication of noxious weeds, and the 
prevention of the accumulation of stagnant water.” Such 
comments in pointing to the drainage problem, emphasize the 
unvsual conditions that exist in Louisiana agriculture. Drain- 
age is difficult in the first place because of exceedingly high 
rainfall. The rainfall records covering the sugar-cane area of 
Louisiana for the period 1899 to 1938 show that the average 
annual precipitation is 60 in or more per year, that the average 
number of days with 0.01 in or more of rain is 120 days per 
year, and that the maximum in one month ranges from 15 to 
20 in and the maximum rain for 24 hr ranges from 10 to 12 
in. In the second place, a number of the soils are highly im- 
permeable. Several permeability ring tests have been made in 
sugar-cane middles (low area between rows) and the amount 
of percolation into the soil was so slight as to be immeasur- 


4 er need for drainage on sugar-cane land in Louisiana has 
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Fig. 1 Amount of crown versus yields, Smithfield 1948-49 


able. These climatic conditions make surface drainage the 
prime problem faced by sugar-cane growers. 


A century ago this problem was met by the use of lateral 
ditches with some form of outlet. These lateral ditches gen- 
erally ran with the slope of the land, varying considerably in 
spacing from 100 to 250 ft. They ranged from 18 to 36 in in 
depth with approximately 4-ft tops and 2-ft bottoms. Until 
1940 they usually were dug by hand. Since the cane was 
grown in rows 18 in high, 6 ft apart and parallel to the lateral 
ditches, it was necessary to have cross drains or ditches cutting 
through the rows to carry the water to the lateral ditches. 
There were generally four of these ditches (known as quarter 
drains) to the cut. The outlets were some type of excavated 
channel leading to swamps or bayous; in some instances, the 
lateral ditches emptied directly into the swamp or bayou. 

This drainage system is still in use with improved outlets. 
However, a century of sugar-cane production has gradually 
changed the land pattern, and this has greatly impaired sur- 
face drainage. The earth from excavating lateral ditches has 
built up the ditchbanks until they are higher than the center 
of the cuts. (A cut is the area between two lateral ditches 
and the two access roads, known as headlands, approximately 
100 to 250 ft wide by 1000 ft long.) Likewise, tillage opera- 
tions have built up the headlands. Implements form holes 
when they enter the ground and deposit earth on the head- 
lands when they leave the soil. Since, in general, the till- 
age operations have continued in one direction, the imple- 
ments enter and leave the soil at the same location for each 
operation year after year. This continues to deepen the holes 
and raise the headlands. The project has taken a number of 
levels over cuts on various plantations and has found as much 
as 3ft of difference in elevation between headland and the 
hole or pocket in the cut. The end product of excavation and 
tillage is, in many cases, a saucer surrounded by ditchbanks 
and headlands higher than the cultivated part of the cut. In 
order to remove the water from the cuts, deeper quarter drains 
are required, which even when deepened in many cases only 
partially remove the water. Water is left standing in the holes 
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Fig. 2. Precision of grading versus yields, Westover 1948-49 
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and pockets until it either evaporates or percolates into the 
soil. Low soil permeability lowers the rate of percolation. 


The wet field condition caused by the partial removal of 
water induces such cane diseases as red root rot and phyto- 
phythora rot. The high potential producing varieties of cane, 
such as CP-3613, are very intolerant to wet conditions and are 
recommended only for well-drained sites. Where pockets and 
holes are located in the field the growth is very small, and 
often the cane in the entire pocket will perish. Also, the deeper 
quarter drains interfere with tillage operation. Tractors have 
difficulty in crossing the drains, and broken axles are common. 
It is necessary for tractor operators to slow down to cross the 
quarter drains and to lose considerable time, which in turn 
increases the cost of field operations. 

The acute problem of surface drainage presented by the 
unusual climatic and soil conditions in Louisiana and by the 
influence of changing land patterns on the drainage system, 
has led the American Sugar Cane League and interested sugar 
planters to request experimental work. Research has been car- 
tied on by the U.S. Department of Agriculture, Soil Conser- 
vation Service (Research), and the Louisiana Agricultural 
Experiment Station. This joint undertaking has concentrated 
on two phases of surface drainage: The grading of land for 


drainage and the construction and maintenance of lateral 
ditches. 


GRADING SUGAR CANE LAND 


Grading of Sugar-Cane Land for Drainage. It was thought 
that it might be feasible to grade the cuts to solve the deep 
quarter drain problem. It was further conceived that the grad- 
ing should move the earth from along the lateral ditches to 
the center of the cuts, at the same time sloping the earth from 
the center of the cut towards the lateral ditches. The cut 
would then have a crown similar to a highway, often spoken 
of as turtlebacking, and the quarter drain would consist only 
of an opening through the rows without a channel through the 
middles where the tractor wheels run. 

A test area of 6.4 acres was set up and worked in 1944 on 
the St. Delphine Plantation at Addis, La., in order to investi- 
gate the feasibility of such grading. A further purpose of this 
test area was to ascertain the limitation and problems incurred 
in grading sugar-cane land and also its effect on yields. 

The test area was planted to corn in the spring of 1945, 
and after the corn harvest it was planted to sugar cane in the 
fall of the same year. A check area, which was not treated, 
was planted at the same time. The corn yield on the graded 
test area was approximately double that of the check area. 
The cane yield in the fall of 1946 showed an increase of 4.48 
standard tons of cane and 922 lb of sugar over the ungraded 
check area. The increase in yield of sugar per acre was higher 
than the increase in yield of cane tonnage per acre. 

The exceptional success of this first test area indicated that 
the grading of sugar-cane land for drainage had possibilities, 
and additional test areas were planned. A number of prob- 
lems and questions were in evidence. In the first place, the 
tesults of the first test area had to be verified by repeating the 
experiment on a larger scale and on various types of land. Also 
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certain technical problems were present, such as the proper 
amount of slope for a cut, the precision required in grading 
the cuts, and the most adaptable equipment for the work as 
well as the most satisfactory methods of using it. Finally it 
had to be determined if the cost of the work on a volume or 
plantation basis would make this kind of grading practical 


Yields. Yield records have been kept on 105.6 acres of 
graded sugar-cane land in test areas and on comparable che :k 
areas. The test areas included sandy, mixed, and heavy blé -k 
lands. The areas planted to corn prior to going into su; ir 
cane yielded the following averages: graded areas, 47.2 bu | er 
acre, and check areas, 27.2 bu per acre — an increase of 20} u. 
The corn was planted on 6-ft rows and interplanted with s y- 
beans, the usual practice in the sugar cane area. 

The average increase of the sugar-cane test areas (1946 :o 
1949, inclusive) was 5.84 standard tons of cane and 1267 ‘|b 
of sugar. This included both plant and first year stubble cae 
and the cane varieties CP 34-120, 29-120, 36-105, and 36-13. 

One exceptional test area, consisting of 47.2 acres of (P 
36-13, averaged 52.49 standard tons of plant cane per acre 
and 38.74 standard tons of first-year stubble cane. This is in 
average yield of 45.61 toms per acre for the two crops. Tue 
plantation’s acreage of sugar cane, 1231 acres per year for two 
years, averaged 25.42 tons per acre. 

These yield records, based on large-scale test areas, ace 
comparable to those of the first test area. Moreover, they 
cover the various types of sugar-cane land and the more com- 
mon cane varieties. It can be concluded then that grading of 
sugar-cane land for drainage will increase yields materially. 


TECHNICAL PROBLEMS 


Slope. In order to determine the proper amount of slope 
in grading, one of the test areas was worked so as to give to 
separate cuts different amounts of crown. Fig. 1 is the yield 
curve for this area for plant and first-year stubble. It will be 
noted that the yield increases as the slope increases up to 13 in 
per 100 ft. When the slope increases above 13 in per 100 ft, 
the yield drops. It is further noted that with the first-year 
stubble the curve flattens. This inconsistency, it is thought, is 
due to the fact that the raw soil areas along the ditchbanks, 
exposed by grading, become weathered and more conducive 
to plant growth. 


Precision of Grading. One test consisted of 12 cuts of 
practically the same amount of crown. The precision of grad- 
ing varied considerably between cuts. The area was planted to 
CP 36-13, a cane which is very intolerant to wet conditions. 
Every ponded area or pocket was in evidence during the grow- 
ing season. The cane was less vigorous and in some cases the 
stand was sparse. 

The yield records of this area for 1948 further exemplified 
the condition. After harvest the project ran a number of levc!s 
over this area. Fig. 2 is a graph showing yields plotted against 
the percentage of ponded area, two inches or over. Ponded or 
pocketed areas, two inches or over, are areas that have earth, 
two inches or higher, between them and the lateral ditches. It 
will be noted that both the yield of cane and the yield of sugar 
decreases as pondage increases. 
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Fig. 3 (Extreme left) Grading sugar cane cut with scraper and motor grader e Fig. 4 (Center, left) Cutting lateral ditches with strad ‘le 
dragline and sloping side bucket e Fig. 5 (Center, right) Completed dragline ditch e Fig. 6 (Extre.ve right) Marking out graded sugar cane : ut 
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7 (Extreme left) Experimental wheel trencher equipped with wide tracks, power-sloping attachment and high-speed impeller for spreading 
arth e@ Fig. 8 (Center, left) Crowning land with Parsons whirlwind terracer e Fig. 9 (Center, right) Cultivating sugar cane. Note 
rows and quarter drain across rows e@ Fig. 10 (Extreme right) Bulldozer moving earth from canal excavation into a low area in the cut 


it is almost inconceivable that ponding of only 2 in with a 
- grown on 18-in rows should have such an effect on yields. 
Ho vever, Fig. 2 very definitely shows that precision in grading 
is .ighly important. Grading work should be done with as 


mi -h precision as possible and ponded areas or pockets should 
be xept to a minimum. 

{t is further felt that there is a definite eT I between 
the precision of grading and the proper amount of slope. It is 
thought that the slope can be lessened with increased precision 
in grading because larger slopes tend to offset the retention of 
water in pockets. A barrier will cause a larger pond on a flat 
slope than on a steep one. Test areas covering this phase are 
under way, which should give more definite information. How- 
ever, on a precision-graded cut a slope of 6 in per 100 ft will 
probably be ample. 


Equipment. Field trials were made with the following 
types of equipment: plows, Parsons whirlwind terracer, bull- 
dozer, heavy pull graders, and motor graders. It was found 
that any of the equipment listed can be used for cut-crowning 
work, each having its advantages or limitations. The limiting 
factor is the amount and location of the earth that is to be 
moved. Only bulldozers and scrapers are able to easily move 
the earth in any direction to fill holes or pockets. 


Plows will move the earth toward the center of the cuts. 
One limitation is that their work must be supplemented with 
the work of a grader to move the earth next to the ditchbank. 
Another is that they are slow in completing the task. It re- 
quires from 10 to 20 plowings to do a reasonable job of cut 
crowning, depending on the previous condition of the land. 
The best method in grading cuts with plows is to operate the 
plows so that they will always move the earth toward the 
center of the cut. Alternating the use of backfurrows and 
islands in the center of the cuts is essential to secure a reason- 
ably uniform crown. It requires considerable experience and 
judgment on the part of the operator since no definite method 
can be prescribed due to the varying conditions of the cuts. 


Parsons whirlwind terracing plow completes the task much 
faster since it pitches the earth. Again it is necessary to sup- 
plement the work with a grader to move the earth from along 
the ditch bank. Neither the plow nor the Parsons whirlwind 
terracer will move the dirt lengthwise of the cuts to fill the 
pockets. The method to use with the terracer is similar to the 
method described for plows. However, in general four times 
over the cut gives a satisfactory crown. 

Bulldozers move the earth faster than any other equipment 
tested; also, earth can be moved lengthwise of the cut into the 
pockets. They require a skilled operator, however, and some 
difficulty is experienced in moving the earth from along the 


ditchbanks. When the bulldozer is used by itself in grading, © 


the earth is cut loose next to the ditchbank by operating the 
implement parallel to the lateral ditches, when a load of dirt 
is loosened, the dozer is turned and the earth is pushed 
toward the center of the cut, wasting the earth so as to create 


1 crown. Another method sometimes used is to hook the 


blade over the loosened earth and, with the tractor operating 
backwards, the earth is then pulled to the center of the cut, 
Special reverse blades have been developed for this type of 
operation and are called “pulldozers’’. 


Heavy pull graders do the most complete job of cut crown- 
ing filling the small pockets automatically to a great extent as 
the crown is formed and leaving the surface reasonably 
smooth. They are slower than the bulldezer. Another disad- 
vantage is the length of the equipment; the long train of 
equipment is hard to handle and much time is lost in placing 
the equipment for operation. Also two operators are required, 
one on the tractor and one on the grader. With the blade set 
at an angle, the earth is cut loose on the ditchbank and moved 
toward the center of the cut. Successive passes will build up a 
crown. The number of total operations from ditchbank to 
the center of the cut varies with the size of the cut, the 
amount of earth necessary to be moved and the size of the 
grader. 


Motor graders do the job with the same perfection as pull 
graders. Methods of use and limitations are essentially the 
same as those of pull graders with the exception that since 
they are self-propelled and a tractor is not needed, the long 
train is eliminated, resulting in greater mobility. In addition 
only one operator is required. 

Field trials to date have shown that the most adaptable 
combination of equipment for grading sugar-cane land with a 
crown is the bulldozer and motor grader. The motor grader is 
used to move the earth along the ditch toward the center for 
approximately 20 ft. The bulldozer is then used to move the 
earth to the center of the cut, distributing the earth as re- 
quired to form a crown and also moving earth into the holes 
or pockets. After bulldozing, the motor grader is used for 
smoothing the cut. 

At the present time field trials are under way using two 
other types of grading equipment. The 4-yd wheel-type scraper 
is proving to be promising since the cut and distribution of the 
earth can be very closely controlled. It is more applicable for 
moving earth considerable distances to fill the pockets. Since 
precision in grading has proved to be a basic requirement, 
field tests have been run also with a small 22-ft land leveler, 
the most precise grading tool. A large 48-ft land leveler has 
been procured and a number of field trials with it are con- 
templated this season. 


COSTS 


This paper, so far, has shown that grading of sugar-cane 
land for drainage can be expected to increase yields 5.84 
standard tons per acre. With the price of sugar cane at $7 
per standard ton, an average arrived at on the basis of sugar- 
cane prices for the past several years, this represents an in- 
crease of $40.88 per acre. On a “‘sugar’’ basis the increase is 
greater but manufacturing costs are involved. The paper also 
has outlined an effective system for such grading, indicating 
the most adaptable equipment and methods of use. The ques- 
tion of cost, the determining factor in the success of any ag- 
ticultural method, has yet to be answered. 
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Volume cost studies were run on a 73-acre test area, 6 cuts 
wide and 3 cuts long. In this cost study work, two different 
combinations of equipment were used: one, the Parsons whirl- 
wind terracer and motor grader; the other, the bulldozer com- 
bined with a motor grader. Costs for the Parsons whirlwind 
terracer-motor grader combination range from $7.30 to $12.61 
per acre. The bulldozer-motor grader combination costs range 
from $11.72 to $25.27 per acre. The condition of cuts and the 
amounts of earth required to be moved vary considerably. For 
this reason a range in costs has been given in each case. High- 
er costs for the second equipment combination are due to the 
necessity of hiring skilled operators for both bulldozer and 
motor grader. The Parsons whirlwind terracer, on the other 
hand, can be operated by plantation tractor drivers. In order 
to secure the low cost with the Parsons whirlwind terracer, 
the machine must work three cuts long, crossing the headlands. 
When the machine works three cuts long, the time in turning 
is reduced one-third from the time involved in working a 
single cut. The same procedure in the case of the other com- 
bination will not reduce costs proportionately. However, the 
higher costs for the bulldozer-motor grader combination in- 
cludes work which the Parsons whirlwind terracer is unable 
to do. A better job is done by the bulldozer-motor grader com- 
bination. 

Costs records kept in grading other test areas verify this 
volume-cost study. While there is always some variation in 
costs due to factors already indicated, it can be concluded that 
the grading of sugar-cane land for drainage is practical. Even 
in measuring the increase of $40.88 per acre against the maxi- 
mum cost of $25.27 per acre, there is a substantial margin, 
which makes grading a feasible practice for Louisiana sugar 
planters. An additional item, which can not be measured in 
yield returns is the increased efficiency and reduced main- 
tenance costs of farm machines operating on graded land. 


LATERAL DITCHES 


The shortage of labor for cleaning, mowing, and main- 
taining lateral ditches became an acute problem during World 
War II, since practically all of this work was done by hand. 
Many plantation workers either went into military service or 
migrated to the cities, where they worked in defense plants. 
At present there is still a shortage of plantation labor. The 
sugar planters brought the problem to the attention of 
everyone having an interest in any phase of the problem, 
including state and federal research people and equip- 
ment manufacturers. To date, three aspects of the problem 
have been given consideration: the large number of lateral 
ditches which seemed excessive in some cases, the rank vegeta- 
tion restricting the flow of water, and the lack of adaptable 
equipment for cleaning the ditches. 


Number of Lateral Ditches. In order to remove the water 
from the cuts, which have become low in the center, planters 
have had to split cuts with a second ditch. A number of these 
cuts are now only 10 rows wide. This procedure increases the 
number of ditches to maintain, and a considerable amount of 
land is lost for cultivation. It was thought that by grading 
a number of split ditches could be eliminated where the cuts 
are narrow. A test area of eight blackland cuts was worked. 
The original cuts were only 13 rows in width. Six of the cuts 
were graded and made into three cuts; the other two were 
left as a check area. 

The first crop was harvested from this area this year. The 
cuts showed an increase in yield over the check area of 7.01 
tons of standard cane per acre, and 0.85 acres, originally in 
ditches, was put under cultivation. The increased yield had an 
approximate value of $49 per acre, whereas grading costs 
were $25 per acre. The first year’s results indicate that a num- 
ber of ditches can be eliminated in this way on similar narrow 
cuts. 

Vegetation Control. Control of vegetation in lateral ditches 
is of primary importance because the flow of water is often 
seriously retarded by the growth produced by the favorable 
Louisiana climate. The vegetation that gives the most concern 
is Johnson grass. The Louisiana Experiment Station has done 
considerable work on the control of this grass and other weeds, 
both on the ditchbanks and in the cane fields. The agricultural 
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engineering department has concentrated on the burning of 
vegetation with ditch burners. It is reported that light burn- 
ing is more effective than heavy burning. Reasonably good 
control can be expected from burning the banks four times per 
season. Effective eradication of Johnson grass is reported a'so 
by the use of some of the commercial chlorate compounds 
which has been a project of the plant pathology departme:t. 
The herbicide 2,4-D is very effective in eradicating broadle if 
plants. The spray method differs from the other in that it 
eradicates, while burning controls the growth to a point whe-e 
vegetation does not restrict flow in the ditch channels. Ditch 
burning costs $8 per mile; spraying is reported to cost $54.°0 
per mile. 

Machines for Cleaning. The most critical aspect of the 
problem created by the decreasing supply of. plantation labir 
was the cleaning of lateral ditches. No adequate machines 
were available at the start of the war for this work. Require- 
ments of such a machine are that it must work alongside of or 
straddle the ditch; that it must place the excavated earth 
away from the lateral ditchbank, preferably in the center of 
the cut, and that it must be mobile since the yardage excavated 
is light and requires the machine to be on the move almost 
continuously. 


Both the project’ and equipment manufacturers have 
worked on the problem. The project carried on the ground 
work. It experimented with a side arm on a D-4 Caterpillar 
tractor, equipped with a dragline attachment. A sloping side 
bucket was also developed. This bucket has the same shape 
as the ditch, and one pass of the bucket completely cleans the 
ditch for the distance it travels. The bucket was used in con- 
junction with the side arm. This combination excavated the 
ditch satisfactorily and placed the earth away from the ditch- 
bank. The machine operated on the side of the ditch with 
the side arm extending over the ditch so that the bucket 
could be pulled up the ditch. Cable wear was excessive with 
this machine. 

Manufacturers have used the project’s recommendations so 
far as standards in constructing lateral ditches and placing of 
the spoil; moreover, they have elaborated and perfected our 
groundwork. Two manufacturers have developed a light wide- 
tread dragline which straddles the ditch and proves very satis- 
factory. They are using the sloping side bucket developed by 
the project, and three companies are now manufacturing it. 
There are approximately forty of these machines in the cane 
area. 

The cost of cleaning lateral ditches with a dragline is ap- 
proximately the same as with hand labor, the main difference 
being that a better and faster job of cleaning the ditches is 
done with the dragline. Also, the draglines are being used for 
hoisting cane during the grinding season, thus utilizing further 
the investment in the machine. 

While the straddle dragline and sloping side bucket com- 
bination is the most usable machine to date under Louisiana 
conditions, the project has experimented also with other types 
of equipment, such as ditching plows and graders. They do a 
satisfactory job of ditching under dry conditions but are uo- 
usable, under wet conditions. Another machine, which is 
showing promise in project experiments, is a specially equipped 
wheel trencher, having devices for sloping the bank and 
spreading the earth. 


SUMMARY 


The work carried on by the joint undertaking of Soil Con- 
servation Service (Research) and the Louisiana Agricultu:l 
Experiment Station has made substantial progress in solving 
the problem of surface drainage, created by unusual climatic 
and soil conditions in Louisiana. In the matter of grading 
sugar-cane land for drainage, it has been estimated by the 
sugar-cane specialist of the Louisiana Extension Service that 
approximately 70,000 acres have been turtlebacked to date 
with varying degrees of perfection. New methods of main- 
taining lateral ditches developed by the project, as discussed 
in this paper, are also being widely used over the cane area. 
Continued research will, without question, develop many :e- 
finements and more effective and more economical methods. 
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The Structural Application of Glue in Framing 
Farm Buildings (Part III) 


Effect of Dimensional Changes in Wood on Strength of Glued Joints 


By Henry Giese and Elwin D. Palmer 


FELLow A.S.A.E. 


OOD has been the material most commonly used 
\ , / for framing farm buildings and will doubtless con- 

: tinue to occupy a prominent place in such use in 
the future. This has been due largely to its availability, com- 
parative ease of fabrication and usually low cost. Results 
from its use, however, have not been universally satisfactory. 
Ease of fabrication encourages use by the relatively unin- 
formed or unskilled with consequent frequent misuse. Ade- 
quate fastenings continue to be a problem in spite of recent 
radical improvements. 

Early construction employed heavy timbers with little re- 
gaid for efficient use. Recently, however, the trend has been 
toward plank frames using material usually 2-in nominal 
thickness. This has largely reduced the waste of timber fram- 
ing but has introduced other problems. The joint has long 
been recognized as the weakest point in wood construction. 
For several years considerable attention has been given to the 
possibility of further improving the joints by the use of glue. 

First application was made to the bent laminated barn 
raiter. This was a logical start because little hazard was 
involved in case of glue failure. Many rafters fastened by 
nails, bolts, or a combination of the two had given a fair 
degree of satisfaction. Glue appeared to offer considerable 
advantage in providing stiffness by preventing the laminations 
from slipping one over the other. In the case of a long, 
slender rafter, the maximum shear which could be developed, 
made only a small demand upon the glue. In case of com- 
plete glue failure, the rafter was not inferior to what it would 
have been had the glue been omitted entirely. Factory-made 
rafters, without bolts or nails, have now become standard 
commercial items. 

The approach to this problem has been different if not 
diametrically opposite from the usual conception of glue re- 
search. Rather than seeking the proper specification for the 
making of a perfect glued joint, we have endeavored to as- 
certain the merits of joints which might be made on the farm 
either by the farmer himself or his carpenter, and then to write 
the specifications necessary to assure satisfactory performance 
under the conditions encountered. 

At the outset, glue would appear to offer some very dis- 
tinct advantages. Glued joints are not only strong but also 
very rigid. Nails possess little bearing area and hence begin 
to yield under small loads. Long before actual failure occurs, 
the nailed joint may be so deformed that the structure is 
badly out of shape. Other methods of fastening which are 
otherwise superior to nails, still possess this limiting feature 
to some extent at least. By the use of gusset plates if neces- 
sary, the area of glued joints can be increased to a size which 
will carry the applied loads adequately. Glue is easily applied 
and comparatively low in cost. 

On the other hand, there are some potential limitations 
which have led to skepticism and perhaps to delay in the 
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acceptance of glue as a fastener. The first of these is embodied 
in the glue itself. Until the development of modern glues, 
gluing farm structures was not feasible. Animal glues would 
soften and fail when exposed to humid atmospheres. The cost 
would likely be considered prohibitive. First of all, a glue 
must be highly water-resistant if not entirely waterproof. 
Casein glues are water resistant, perhaps even to as high a 
degree as the wood. Synthetic resin glues are available which 
are insoluble not only in water but also in most chemical 
solvents. Some of the latter, however, are not satisfactory 
for the purpose at hand because of other properties. A glue 
to be satisfactory, must remain sound in a thick joint which 
will result from the use of low pressures, such as would be 
provided by nailing, or the use of rough or poorly surfaced 
lumber. 

When glued joints are made under controlled conditions, 
considerable attention is given to the making of a satisfactory 
surface. Dimension lumber when surfaced, is not planed as 
smoothly as the select grades. Native materials are likely to 
be rough sawn only. A number of the synthetic resin glues do 
not qualify in this respect. It is necessary also that the glues 
be susceptible to successful handling by relatively inexperi- 
enced users and at temperatures prevailing outside during the 
construction season. 

The second potential limitation lies in the inherent proper- 
ties of hygroscopic wood. The moisture content of wood varies 
with atmospheric temperature and humidity, thereby causing 
changes in not only the lineal dimension of wood across the 
grain, but also in what is termed warping. 

Can a farmer be sure that joints made with glue will hold 
up over a period years? Is it advisable to use glue for 
joining wooden members as large as those used in framing 
farm buildings? Is it necessary to keep one of the glued mem- 
bers sufficiently thin that it will follow warping in the thicker 
one? These were some of the questions that had to be an- 
swered before farmers could be expected to make any appre- 
ciable use of glue in constructing their buildings. 

The purpose of the study described in this paper was to 
investigate the effect of dimensional changes in the wood due 
to changes in moisture content, upon the strength and dura- 
bility of the glued joint. Changes in the moisture content of 
wooden members joined with nails, bolts or timber connectors 
had little or no effect on the strength of the joint. However, 
when two wooden members of a given dimension are glued 
together, the hardened glue film that bonds them together 
resists any change in dimension of the members due to a 
change in their moisture content. This resisting force acts as 
a shearing stress on the glue line. It is conceivable that the 
change in moisture content could be of sufficient magnitude to 
cause failure of the joint if the resulting shearing stress 
reached the ultimate strength of either the glue or wood. 


The Investigation. With a rise in temperature or a reduc- 
tion in the relative humidity of the air, wood has a tendency 
to give up its moisture; whereas, with a drop in temperature 
or an increase in the relative humidity of the air, the same 
wood will absorb moisture from the air. 

Climatic conditions vary so widely throughout the United 
States that the changes in moisture content of the wood will 
differ from place to place. The important factor in this study 
is not the differences that exist throughout the country, but 
the changes that occur at any given locality. A study of cli- 
matic conditions of the United States(12, 13)* reveals that 


*Numbers in parentheses refer to appended references. 
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though the moisture content of lumber in buildings may fluc- 
tuate between high and low several times during the year, it 
is always lowest in the summer months and highest in the 
winter months. So, generally speaking, the moisture content of 
lumber follows a yearly cycle, the range of which may vary 
from year to year. 

The average range in wood moisture content in central 
Iowa is approximately from 12 per cent in summer to 16 
per cent in winter. 

Coast-type Douglas fir shrinks an average of 5.0 per cent 
radially and 7.8 per cent tangentially in drying from 24 per 
cent moisture content to oven dry(5). This means that under 
normal conditions in central Iowa, an 8-in flat grain board 
would be 0.1 in narrower in summer than in winter while the 
comparative change in an edge grain board would be about 
0.064 in. The dimensional change parallel to the grain is so 
small that it is usually disregarded. When boards are glued 
with their grains parallel as in laminated rafters, the differ- 
ences in dimensional changes resulting from angle of cutting 
are likely to be so small that no difficulty would be encoun- 
tered. If they are glued at an angle, however, as they would 
be in braces, the stresses imposed upon the glue line might be 
sufficiently great as to result in damage. 

Due to the fact that dimensional changes caused by varia- 
tions in moisture content are not equal in all directions, the 
tendency of a flat-grain piece to warp would place a direct 
tension stress upon the glue line. The inherent weakness of 
wood in tension perpendicular to the grain might permit at 
least partial destruction of the joint. 

Objectives of the Study. The specific objectives of this 
study were: 

1 To determine the effect of expansion, contraction and 
warping on the strength and durability of glued joints of 
wooden members when the joints are made with grain of the 
members (other than parallel) at right angles. 

2 To determine the relation between the thickness of the 
members and the loss of strength and durability of the joint. 

3 To determine the relation between the width of the 
members and the loss of strength and durability of the joint. 

4 To determine the value of sawing kerfs in the mem- 
bers prior to making the joint. 
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Fig. 1 (Top left) Joints made of 1-in material e 
age of member resisted by glue line e 


Fig. 2 


(Top center) Joints made of 2-in kerfed material e 
Fig. 4 (Bottom left) Wood failure at edge of joint e 
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Method of Procedure. The glued joints tested in this study 
were made from No. 1 common Douglas fir lumber by using 
a resorcinol-resin glue. This glue was used because of its 
high resistance to moisture. Resorcinol-resin glue also }.as 
superior gap-filling qualities, making it less necessary for ‘he 
members being glued to have smooth surfaces. It will set at 
low temperatures without the application of heat and requi es 
little pressure during the curing period. 

Lumber of dimensions commonly used in farm buildin:s, 
1x4, 1x6, 1x8, 2x4, 2x6 and 2x8, was used (Figs. 1 and : ). 
Kerfs were sawn parallel to the grain and one-half the dey ch 
of the member in half of the joints made from the lum! er 
of 2-in thickness. It was thought that these kerfs wou'd 
greatly reduce the ability of the members to warp. 

Pressure was applied on the glue line by 7d box nails at 
the rate of one nail for each 4 sq in of glue area. 

The joints were subjected to a cycle of change in moisture 
content ranging from 9 to 19 per cent, which is 3 per cent 
below and above the extremes for a normal year and should 
allow for the most unusual years. The moisture content of tne 
joints was changed by placing them in a controlled tempera- 
ture and humidity room. 

The effect of the changes in moisture content on the physi- 
cal appearance of the joints is shown in Fig. 3. It is evident 
that the change in dimension of the members is resisted by 
the glue film between them. Splitting of the members occurs 
in the larger joints when the outer surface is free to shrink, 
but the surface adjacent to the film is restrained. A few of the 
wider joints showed evidence of wood failure at the edge of 
the glue line. Sections sawn through these joints revealed that 
the failure was only at the edges of the joints and did not 
extend far inward. 

No change in the physical appearance of any of the joints 
made from lumber of 1-in thickness could be detected. The 
glue line of these joints remained intact and the members 
showed no evidence of warping or shrinking. 

The joints were divided into four groups for testing as 
follows: 

Group A made at 12 per cent moisture content and tested 
after a 14-day curing period 

Group B made at a moisture content of 12 per cent, dried 


ee Se ee i 


Pe oe ae r q 4 


Fig. 3 (Top right) Shrak- 
Fig. 5 (Bottom right) Typical glue ine 
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to 9 per cent, raised to 19 per cent, and dried back to 12 per 
cent where the joints were tested 

Group C carried through one complete cycle of change in 
moisture content as described in Group B above and then 
tesied at 9 per cent moisture content 

Group D carried through one and one-half cycles of 
cheoge in moisture content and then tested at 19 per cent 
mc sture content. Each group was identical and comprised a 
tot | of 90 joints. The following numbering system will serve 
to dentify the joints in Table I: 

The group letter A, B, C, or D 

4 numeral indicating the nominal thickness in inches of 
the !'umber used for making the joint 

\ numeral indicating the nominal width in inches of the 
lu: ver used for making the joint 

‘or joints whose members were kerfed, the letter “K” 
fol »wed the width designation. 

‘or example, a joint with the number B24K was made from 
1x. members which had kerfs sawn in them at the point of 
co; act. This joint was subjected to one cycle of change in 
mc sture content before being tested. 

The joints were held in a jig which maintained alignment 
so hat the load was applied parallel to the glue line and 
str-ssed to failure in a 60,000-lb Southwark-Emery testing ma- 
chive. Results of the tests are given in Table I. Typical 
fai: ures.are shown in Fig. 5. 

Compression failures in the wood stressed perpendicular to 
the grain prevented testing the 1x8-in joints without first cut- 
ting them into smaller joints. Results obtained cannot there- 
fore be compared directly with the unit stresses obtained with 
the 1x4’s and 1x6’s. 


Discussion. As noted in Table I, joints undergoing a 
change in moisture content showed a loss of strength. A 


Table I 


Shear Tests of Jeints Subjected to 
Changes in Moisture Content 


Type Age No. Ult. Unit Stress Type of 
of of of psi Failure 
Joint Joint Tests Ave. Range 

Al4 14 da 12 2300 175 134-310 80% Wood 
B14 O da 10 2614 19 155-259 100: 

6 55-25 = 
cl4=—s-« B11 daa 10 2596 19 149-255 95% =" 
D14 =—:102 da 9 22 173 138-194 1006 " 

Ve 244 
A24 «14 da 10 3371 257 187-359 904" 
B24 6. 60 da 12 3143 239 171-322 95%" 
C24 81 da 10 3227 246 172-368 100% " 
D24 =: 102 da 11 ‘ ae 249 202-297 100% " 
Ve 
A24k «614 da 11 2250 192 158-249 95% + 
B24k 60 da 11 2876 219 145-373 100% " 
C24k «= 81. da 13 2973 226 154-300 os ° 
D24k 102 da 12 2740 234 147-34 1008 “ 
Av. 2710 
Al6—s-«14 da 12 3727 118 75-163 0 
Bl6 =: 60 da 10 4244 134 101-164 85g =O 
C16 —s« 81 «da 10 3203 101 89-122 80g" 
D16 =: 102 da 11 si 4244 134 107-166 oe 6S 
Ve 
A260 «14 da 12 6490 205 116-244 Ly al 
B26 60 da 10 5960 188 120-240 85% 8 
c26—sCs« Bl da—=—s<i10 4913 155 73-234 «8685% 
D26 102 da 10 ; a 186 136-252 80% © 
Av. 
A26k = o-14 da 10 4561 144 110-202 7 * 
B26k 660 da 10 4571 145 111-221 65% " 
C26k. 81 da 10 3518 111 68-162 (</ el 
D26k 102 da 8 4490 142 102-184 75 * 
Av. 4 
Al8 «14 da 10 11070 191 165-242 74 = 
BIS ~=—s-- 60 da 10 12525 215 192-266 95% = 
cig —s «Bl da 10 ; 10366 178 129-261 90% =" 
v 113 
238 «14 da 9 7415 128 86-187 70% +=" 
B28 60 da 12 8334 14 8-205 85% * 
ce3 81 da 10 5681 9 3-123 754 * 
D 102 da 5 a a 133 121-138 83% 
Ve . 
AC; «= «14 da 11 5656 97 68-121 906" 
B3K 660 da 10 6499 112 72-137 90%" 
C.3K 81 da 10 5294 91 65-117 9. * 
D°3k 102 da 10 oo 1122 91-140 100% " 
Av. 59 
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cycle of change in moisture content appears to have no effect 
on the strength of glued joints so long as they are tested at 
the same moisture content at which they were made. How- 
ever, joints made at 12 per cent moisture content and tested at 
9 per cent or 19 per cent were somewhat weaker than the 
same type of joints tested at 12 per cent. The greatest loss 
for any particular size of joint was exhibited in the 2x8 joints. 
The 2x8 joints tested at 9 per cent moisture content were 27 
per cent weaker than the average strength of all joints of this 
size tested at 12 per cent moisture content. 

The strength of joints made from 4-in wide members was 
not noticeably affected by a change in moisture content. The 
difference in strength of the 1x4, 2x4 and 2x4 kerfed joints of 
groups A, B, C, and D is a normal variation. The joints made 
from lumber of 6 and 8 in widths showed a marked decrease 
in strength when tested at 9 per cent and 19 per cent moisture 
contents. 

The joints made from 2-in thick lumber showed a slightly 
greater loss of strength due to a change in moisture content 
than those made from lumber of 1-in thickness. This was to 
be expected, since it is evident that a 2-in thick member 
exerts a greater force when it attempts to change dimension 
than a 1-in thick member. 

In every case the joints that were made from kerfed mem- 
bers were weaker than those made from solid members. Loss 
in strength paralleled that in the solid members indicating 
that sawing kerfs did not accomplish its intended purpose. 

When glued joints dry, the increase in strength of the 
wood tends to offset the loss in strength caused by the dimen- 
sional changes of the members. Theoretically, when the 
moisture content of a glued joint is increased, not only is 
the ultimate strength lowered because of the prestressed con- 
dition of the joint, but the wood also decreases in strength. 
This indicates that the joints tested at 9 per cent moisture 
content should be stronger than those tested at 19 per cent. 
Such was not the case, however. 

The data obtained in this study indicate that the change 
in dimension due to a change in the moisture content of a 
glued joint is not great enough to impair the quality of the 
joint in any of the sizes studied. Slightly lower strengths were 
obtained at both extremes of the cycle of change in moisture 
content, but this was due to the prestressed condition of the 
joint. This loss of strength is not of sufficient magnitude to 
prohibit the use of glue in building construction, but some 
allowance should be made for it in determining a design stress 
to be used for glued joints. 


CONCLUSIONS 


1 Dimensional changes of the members of a glued joint 
occurring after the glue has become hardened are resisted 
by the glue line. The magnitude of the stress thus imposed 
on the glue line varies directly with the magnitude of the 
change in dimension. This stress subtracts from the ultimate 
strength of the joint. 


2 The dimensional changes of lumber ranging up to 8 in 
in width and 2 in in thickness are not great enough to signifi- 
cantly impair the quality of glued joints. 

3 Glued joints made from members with a width of 4 in 
at 12 per cent moisture content showed no appreciable loss in 
strength when tested at 9 per cent moisture contents. 

4 Glued joints made from members of 6 and 8-in widths 
at 12 per cent moisture content showed a marked decrease in 
strength when tested at 9 per cent and 17 per cent moisture 
contents. 

5 Strength of glued joints made from lumber of 2-in 
thickness is affected slightly more by changes in moisture con- 
tent than the strength of joints made from 1-in thick lumber. 


6 A cycle of change in moisture content has no apparent 
effect on the strength of glued joints if they are tested at the 
original moisture content. 


7 Tensile stresses on the glue line caused by warping of 
the members are often great enough to cause partial failure 
of the wood fibers near the edges of glued joints made from 
2x6 and 2x8 members. (Continued on page 464) 
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Cold Storage of Apples in the Pacific Northwest 


By G. F. Sainsbury 


MEMBER A.S.A.E. 


adequate cold storage facilities are required as an integral 


ie THE fruit-producing areas of the Pacific Northwest 
part of producing and marketing an apple crop of 35,- 


000,000 bu that comprises approximately one-third of the na- 


tion’s production. Without cold storage it would be impossible 
to extend the marketing season over a sufficiently long period 
to dispose of the fruit in an orderly manner at a price which 
would return the farmer a profit on his investment, or even 
wages for his year’s work. Without cold storage it would be 
impossible to supply apples in sufficiently good condition to 
justify sustained consumer demand throughout a season ex- 
tending from September to July. 

Concentration on Delicious apple production in the last 15 
years has had a marked effect on cold storage design inasmuch 
as the fruit is harvested during the warmer weather, the crop 
comes in quickly imposing heavy receiving loads on both the 
cold storage and handling equipment, and prompt cooling to 
30 to 32 F is absolutely essential to attain the maximum stor- 
age life of the fruit. The following tabulation shows the nor- 
mal storage life expectancy of Delicious apples for continuous 
storage at various temperatures. Actually in commercial prac- 
tice the fruit temperatures are not lowered to the desired tem- 
perature immediately and the second part of the table shows 
how different cooling rates modify the above figures on storage 
life. These figures also assume that the fruit has been picked 
at proper maturity and there has been no delay in storage. 
This is a very important factor since it has been found that 
one week of standing outside at 70 F will reduce the storage 
life approximately nine weeks, or one week at 53 F reduces 
storage life approximately one month. 


TABLE 1 NORMAL STORAGE LIFE EXPECTANCY OF 
DELICIOUS APPLES* 


Temperature, deg F Days 
Held at 70 20 
60 30 
50 50 
40 90 
36 130 
32 220 
30 280 
Cooled to 30 in 7 days and held 250 
32 in 7 days and held 200 


36 in 7 days, then to 32 Fin 4 weeks 180 
40 in 7 days, held at 40 F for 21 days, 

then cooled to 32 Fin 28 more days 137 

36 in 7 days and held at 36 F 110 

36 in 6 weeks and held at 36 F 90 
*Data is taken from USDA Circular 740 “Cold Storage for Apples 
and Pears” by W. V. Hukill and Edwin Smith, being based on infor- 
mation published in USDA Bulletin 1406, “The Ripening, Storage, and 
Handling of Apples” by J. R. Magness, H. C. Diehl and M. H. Haller. 


In considering Table 1 it must also be remembered that these 
figures do not make allowance for time of transportation to 
market and distribution which operations necessarily are car- 
ried on at temperatures higher than optimum storage tempera- 
tures. Actually the fruit should be withdrawn from storage 
with sufficient storage life left to reach the consumer with 
good condition. 

Sequence of Operation. The normal harvesting and han- 
dling operations consist of several distinct phases and each 
must receive proper consideration in a well-designed apple 
storage. The crop is normally picked either in the same boxes 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, Ill., December 1949, as a 
contribution of the Farm Structures Division. 

The author: G. F. Sarmnssury, agricultural engineer, (BPISAE), 
U.S. Department of Agriculture, Wenatchee, Wash. 


in which it will later be packed or in field lugs which «re 
very close to the dimensions of the standard apple box. 
In most instances that portion of field boxes that cannot be 
handled at once by the packing line is placed in cold storage 
as it is hauled in from the field and segregation is made he- 
tween different varieties brought in by a grower, and genera ly 
the different grower’s fruit is kept separate. In some instances 
all of the fruit received from the field is placed in cold stur- 
age and allowed to cool prior to the packing operation. From 
the various segregations required and the fact that it is not 
uncommon to have 30 or 40 growers in a medium-size opera- 
tion, it can be seen that the details of proper warehousing are 
an important consideration in the efficient operation of the 
cold storage plant. 

In passing through the packing operation there is a reduc- 
tion in space requirement as it takes about three field boxes 
to make up two packed boxes. Hence the maximum cold 
storage space requirement comes at the conclusion of the pick- 
ing season and is dependent on the size of crop, rate of pack- 
ing, and amount of fruit that can be profitably shipped to the 
early market and does not occupy cold storage space. 

Cooling System Requirements. From the foregoing descrip- 
tion of the sequence of operations in the typical packing and 
storage plant, it can be seen that, in addition to the normal 
sources of heat from wall transmission, air infiltration, men 
and machinery working in the storages, and electric lights, 
there are four special duties imposed upon the refrigeration 
system by these operations, as follows: 

1 Cooling the loose product received from the orchard. 
Normal receiving temperatures will vary from 55 to 75F 
depending on the season and the time at which the fruit is 
received. 

2 Cooling the packed fruit which has traveled directly 
from the orchard to the packing line. This fruit will be as 
warm or possibly slightly warmer than loose fruit going into 
storage. 

3 Cooling packed fruit which has previously been cooled 
in storage as loose fruit, but which warms appreciably during 
the time it is withdrawn from storage for packing. Such fruit 
returning to storage will normally range from 42 to 45 F. 

4 Providing refrigeration to absorb the heat evolved by 
normal respiratory activities of the fruit in storage. Although 
this heat is a relatively small quantity per ton of fruit in stor- 
age, when the total amount of fruit is considered it becomes 
a substantial load that exists throughout the storage season 

Normally the first and second duty are concurrent and 
represent the period of maximum load which in many cases 
is four to five times the requirement of the plant when it is 
merely holding the storage load, or fourth duty. 

The system should be arranged with flexibility to operate 
at partial capacity to meet the great load variation that is €a- 
countered in this type of application. To satisfy this require- 
ment, the compressor capacity should be furnished by seve: al 
machines, preferably of different size so that capacity to mat-h 
the load can be selected by the plant operator or control sys- 
tem. Also in larger plants provision of independent evapo: a- 
tors for several sections of the storage is desirable because t1¢ 
loose fruit cools much faster than the packed fruit. Where they 
can be stored separately, it is usually possible to cool packed 
fruit faster by exposing it to lower air temperatures than would 
be possible if loose fruit were also stored in the same area. 

Another requirement is that the system shall function with 
uniformity. A system where the refrigerating effect is not d:s- 
tributed uniformly will tend to freeze fruit in some are.s, 
while furnishing other areas with insufficient refrigeration to 
maintain the fruit within the desired temperature range. 

In storages cooled by convection from room coils adequate 
dispersion of the coils across the ceiling of the rooms plus 
proper arrangement of the coil circuits to secure some active 


| 
| 


pS: Sal TET AE EO 


{Ade Naw - Pe MRR sy gies Saabs ie ad fade MRE 5s ght Cg A Neg Tt ee hs i Se cial 
a oe ee ae ai eee. 
re AR RST ae ee > a " i ae ee eee ee ee 
ee ta : os 
: ' 
: ' 
=  ) Ack: 
=F 7 ; ' * 
es coil | 
yt | the « 
ae 7 form 
og a r sod 
Te I 
air c 
Bie cuit 
ii, init 
% tg will 
i. fron 
E tren: 
“4 run 
; | gen: 
oe | effe: 
ee dist 
. frig 
es mus 
7 : dist: 
a care 
es im s: 
es the 
as , Ge 
oe saiod 
Se air 
: Sead 
a = am< 
ees the 
Seok vers 
ee roo! 
= cycl 
; in t 
se SI per: 
Be littl 
a &§ best 
_ pas: 
oa nec 
a circ 
- oa par. 
ae sho 
ec to: 
ee to ; 
4 tot 
a uni 
2 mei 
; ben 
i gro 
: floc 
g om 
ge apy 
e ten 
S ma 
> a ' flo 
ee | air 
aa p= «Bre 
seu tar 
ie th: 
ee cir 
- fe 
ee tu 
Bas. the 
E: a sta 
ge tie 
Si th 
“gS du 
eo 4 
ee he: ail 
me St 


AGRICULTURAL ENGINEERING for September 1950 


coil surface in all portions of the room even at times when 
the coil feed has been restricted will generally promote uni- 
formity within the storage. In many storages of this type 
auxiliary fans are used to assist in cooling the fruit amd attain- 
ing uniform storage conditions. 

In systems involving forced circulation from one or several 
air cooling units there are a number of factors involved in se- 
curing the desired degree of uniform temperature and ‘rapid 
initi:l temperature reduction. First, there must be an adequate 
quantity of air circulated so that the rise in air temperature 
will not be excessive when the air absorbs the heat evolved 
fron) different sources in the refrigerated spaces. During ex- 
tren'e peak-load periods the temperature rise in the air will 
run from 7 to 10 deg and during the storage period it will 
genrally be in the order of 2 to 3 deg. 

‘he manner in which the air is distributed will have an 
effe:c on the uniformity of storage temperatures; non-uniform 
dist:ibution of air is simply non-uniform distribution of re- 
frig:ration. After the distribution system has been installed it 
must be carefully adjusted and balanced to secure uniform 
dist.ibution. Although duct sizes and openings may have been 
carcfully engineered, there is no substitute for final adjustment 
in securing uniform distribution. 

‘t is possible to produce a smaller temperature variation in 
the fruit in the room than occurs in the air passing through 
the room by either of two methods. Either the air can be 
supplied to the room in such a manner as to aspirate a large 
percentage of room air into air streams and temper the cold 
air before it starts its passage through the fruit and in effect 
amounts to the circulation of a larger quantity of air through 
the fruit; or the direction of air flow may be periodically re- 
versed so that the fruit that is in the extreme positions in the 
room is alternately exposed to warm and cold air. When the 
cycles are made on a one-hour interval there is sufficient lag 
in the fruit to maintain a reasonably uniform median tem- 
perature. Where a single direction distribution system with a 
little provision for aspirating secondary air is used, about the 
best that can be expected is to have the variation in fruit 
temperature approximate the rise in air temperature as it 
passes through the room. 

In addition to having the air properly distributed, it is also 
necessary to have the fruit properly arranged so the air can 
circulate through it to best advantage. Air circulation should be 
parallel to the stack rows wherever possible as tests have 
shown a definite advantage for this arrangement as compared 
to rooms where stacks were perpendicular or at odd angles 
to air flow. Also careful and regular stacking with attention 
to maintaining a continuous space between rows will promote 
uniform conditions. 

Where fruit is held in rooms on ground floors, it is recom- 
mended that some form of rack be used to allow air to pass 
beneath the stacks and pick up the heat transmitted from the 
ground before it is transmitted into the fruit. Even where 
floors are well insulated in accordance with the standard rec- 
ommendations for this type of service, this transmission is 
appreciable and fruit stacked directly on such floors will have a 
temperature in the bottom layer of the bottom box approxi- 
mately 114 deg higher than the average temperature of the 
upper boxes in the stack. With poorly insulated or uninsulated 
floors this differential will be in the order of 3 and 4 deg. 

The rate of cooling of the fruit will be influenced by the 
ait velocity through the stacks of fruit. If air is introduced at a 
great number of places in the room only to travel a short dis- 
tance to a return opening, the velocity will necessarily be less 
than if a longer path of travel is arranged for all of the air 
circulated. At the same time a short travel path will not mean 
a small rise in air temperature because the rise in air tempera- 
ture is determined by the total heat load to be absorbed and 
the total quantity of air circulated. Air velocity through the 
stacks can also be increased by the aspiration of large quanti- 
ties of room air into the primary air supply as the air leaves 
the supply openings. The increase in velocity in this case is 
due simply to the fact that there is more air moving through 
a given space. 

_ Where cold diffusers are equipped with outlet cowls for 
air distribution, the cowl arrangement should be designed to 
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suit the “peyre room; air should be discharged high enough 
so it will not blow directly on the fruit in front of the unit 
and have its travel restricted; also the discharge should be 
arranged so that all portions of the room are covered equally. 

With some commodities rapid air motion, even at high 
relative humidities, may lead to excessive dehydration; how- 
ever, with the apples grown in the Pacific Northwest and pro- 
tected by wraps and liners, dehydration due to the velocities 
encountered in the rooms has not been a major problem so 
long as the relative humidity is maintained from 80 to 85 
per cent. Normal velocities between stacks in storage rooms 
will be in the order of 50 to 70 fpm, and even in rooms with 
extreme air motion the velocities are rarely more than twice 
the above. 


Types of Refrigeration Apparatus Used. The cold storage 
plants in the area provide a remarkable variety of equipment 
arrangement and application detail. A few of these plants 
have sections dating back 35 yr, and all stages of development 
between that time and the present are to be found. For the 
most part reciprocating ammonia compression systems are 
used. Both vertical and horizontal compressors are to be 
found in the older plants, but the vertical machine arranged 
for automatic starting has practically eliminated the horizontal 
compressor in the newer plants. In small storages small Freon- 
12 compressors are being used to some extent. 

Where adequate well or river water is available, closed 
horizontal shell and tube condensers are most generally used; 
however, where adequate water supply is not available, evapo- 
tative-type condensers have come into general use, supplanting 
spray pond or cooling tower and condenser combinations. 

Originally most plants were equipped with room coils, 
hung overhead and along the sidewalls, cooled by the direct 
expansion of the ammonia refrigerant. Where such plants 
were adequately piped, the coils well arranged and auxiliary 
fans provided to give proper air circulation, good results can 
be obtained, although the coils and drip pans constitute a sub- 
stantial space requirement and also represent an added load 
which the building structure must support. Plugged and frozen 
gutters from drip pans may allow water to run on the stored 
products and floors, seeping into the insulation and eventu- 
ally leading to rotten timbers. 

To alleviate some of these problems, it later became the 
practice to place the 2-in pipe coils in a bunker room and blow 
air over them and deliver the cold air to the storage rooms 
through ductwork. A great number of these plants suffered 
from inadequate air-circulating capacity and also rapid loss 
of capacity due to frost accumulation. Defrosting arrange- 
ments were cumbersome and the refrigerant charge was large, 
making such plants difficult to operate. 

The brine-spray air washer was evolved to overcome the 
defrosting difficulties of the dry coil bunker. In this system the 
air is passed through a chamber where a large quantity of 
brine is sprayed from a system of nozzles arranged so that 
all of the air passing through the chamber comes in contact 
with this fine spray and is cooled by the chilled brine. The 
brine is then cooled by coils containing ammonia refrigerant. 
These coils may either be placed in the air stream following 
the sprays or may be submerged in the tank of the air washer 
or in a separate tank. Placing the coils in the air stream is 
the general present-day practice as a very high heat transfer 
is secured with the brine running down over the coils and only 
about one-third as much coil is required as in the submerged 
coil arrangement. Sodium chloride brine is normally used in 
apple-storage installations. A variation of this system is the 
wetted surface unit where a small quantity of brine is sprayed 
on the cooling surface to prevent frost accumulation. 

To eliminate corrosion and the power to operate the brine 
pumps that are required with the brine spray system, there 
has recently been some trend to return to a more modern 
version of the dry coil bunker system. In these instances 
finned coils are used so that a large cooling surface can be 
obtained at moderate cost and arranged in a compact manner. 
Also, the coil volume is greatly reduced as compared with the 
old bunker system decreasing the refrigerant charge and sim- 
plifying coil feeding and control. It is normal to provide 
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these systems with an automatic intermittent warm water de- 
frosting arrangement operating every 3 or 4hr. Water is 
heated during the operating period by taking heat from the 
compressor discharge gas to heat the water in a large sump. 
At the defrost period the compressors are stopped and water 
is pumped from this sump over the coils and returns to the 
sump for about a 15-min period. ; 

This type of system may take the form of individual room 
cold diffusers or a large coil bank with a fan to circulate the 
air to the rooms through a duct system. 

Satisfactory results have been obtained with this system 
particularly in applications not subjected to excessive receiving 
loads during the warmest part of the season when moisture 
pickup is extreme. Where conditions involving heavy moisture 
loads exist, the use of a non-frosting-type evaporator is still 
generally preferred. 

In recent years more attention has been given to air- 
distribution systems than heretofore and reversing systems and 
high-aspirating systems have been developed and applied to 
many installations. A growing realization of the importance 
of uniform fruit temperatures in the storage will give con- 
tinued emphasis on air distribution. 


Storage Construction. Storage construction methods dis- 
play a tendency toward the use of native materials whenever 
such use is economical and practical. Although building walls 
are generally reinforced concrete or concrete-block construc- 
tion, thereis a far greater use of wood construction for the 
interior framing than is normal in other sections. Walls are 
often insulated with a 12-in shaving fill retained between the 
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Fig. 1 Apples high piled in field boxes in typical storage using individual box-handling methods. Belt conveyor in the foreground « Fi . 2 
Packed boxes high piled in the same storage. Warehouseman with hand truck in narrow row turning stack to wheel it out to conveyor « F:.. 3 
Fig. 4 Front view of squeeze truck without load «¢ Fig. 5 Fork t:uck 


Squeeze truck picking up top five boxes from four 9-high stacks 
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outer concrete wall and an interior wood wall. In the period 
following the war the increasing cost of lumber and carpe: ‘er 
labor brought the cost up to where board-form insulation set 
in hot asphalt could compete with shaving-fill walls ad 
many plants constructed in that period had the most con: -n- 
tional type of insulation. Most storages are constructed \ ith 
an attic space and with 18 to 30 in of shavings blown in al »ve 
the ceiling. A variety of practices exist regarding floor ins |a- 
tion, and in some cases where favorable dry soil condit >ns 
prevail, ground floors are uninsulated. As previously poi ted 
out, ground floors should be provided with floor racks. Pur ce, 
which is available in many localities, is often used for { ise- 
ment-floor insulation. Cinders and coke fines also are simi irly 
used. For best results a waterproof membrane, usually h: avy 
asphalt roofing, should be provided between the earth an: fill 
insulations of the above type. Vermiculite, or expanded nr ica, 
which is produced in the Pacific Northwest, also has had s me 
use as an insulator; however, it has a high moisture absor ing 
capacity and where used it should be carefully sealed agé inst 
moisture infiltration. Use of this material in lightweight «on- 
crete mixtures for insulating purposes has been tried with \ ari- 
ous results. If the mixture is made with an excess of wster, 
final drying of insulation is extremely slow with consequent 
reduction of insulation value during this period. 

Because local materials have been generally used in the 
insulation of these buildings, and such materials have been 
cheap, there has been a general practice to insulate these stor- 
ages more heavily than is the standard for the temperatures 

(Continued on page 462) 


operator removing top pallet load from 3-pallet-high stack 
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This barn at Ft. Atkinson, Wisconsin, uses large 
windows of Thermopane to keep the milk room, 
milking parlor and calf pen drier and effectively 
daylighted. Designed by Professor S. A. Witzel, 
Agricultural Engineering Department, University 
of Wisconsin, 


How Insulating Glass Improves Ventilating Efficiency 
IN FARM STRUCTURES 


Whether a farm structure is designed for gravity 
ventilation or mechanical ventilation, cold window 
surfaces can disturb the planned air flow and the 
effectiveness of the system. 


THE PROBLEM results from two causes: 


1. Convection currents occur at the 
windows to disturb and divert the 
flow of air. 

2. Air contacting the cold window 
surface is thereby cooled. Conden- 
sation forms on cold window surfaces. 
Thus, this moisture is deposited with- 
in the structure rather than carried 
away. Convection currents having 
been cooled are less able to carry away 
moisture, and thus fail in one of the 
important functions of ventilation. 


The result of this situation is a colder, damper 
building—a condition harmful to poultry and live- 
stock health and production. 


THERMOPANE IMPROVES VENTILATION — 


aids moisture control. Thermopane* insulating 
glass is made of two panes, with dry air hermetic- 
ally sealed between them. This blanket of air keeps 
the inner pane warmer. Thus, drafts are reduced, 
chilling of air at the windows is considerably 


Sf mopane 


MADE ONLY BY LIBBEY-OWENS-FORD GLASS COMPANY 


diminished, and condensation on glass areas is 
minimized. Result: warmer, drier conditions for 
healthier poultry and livestock —more comfort for 
people who work in those buildings. 

Many other benefits are derived from the use of 
Thermopane. It enables you to use larger glass areas 
for the solar heating and germicidal benefits of sun- 
light without fear of excessive heat loss during low 
outdoor temperatures. More uniform indoor tem- 
peratures can be maintained. Reduction of con- 
densation on windows means longer life for window 
frames and the barn structure. Drier windows stay 
cleaner, gather less dust and bacteria. 

Thermopane may be installed in fixed sash or in 
ventilating types of sash. Generally, it is wise to 
choose windows with large glass areas, free from 
light-robbing and dirt-catching cross members. 
Thermopane is made in a wide range of sizes—in 
plate glass for use where clear visibility is required 
(suchas home picture windows) andin moreeconom- 
ical sheet glass where large glass areas are desired 
but where appearance is not of prime importance. 

Thermopane is sold by glass and building supply 
distributors and dealers. Write for our Thermopane 
folder and for suggested installation procedure. 
And feel free to write us on any problems in glaz- 
ing farm buildings. *® 


Two Panes of Glass 


Blanket of Dry Air 


Bondermetic Seal* 
(Metal-to-Glass) 


2795 Nicholas Building, Toledo 3, Ohio 
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Cold Storage of Apples 


(Continued from page 460) 


involved. For instance, it is considered standard practice to 
insulate 30-deg storages with 4 in of cork-board insulation or 
its equivalent. The normal wall insulation in these apple 
storages, 12 in of shavings, is conservatively considered equiva- 
lent to 6in of cork board. This practice has contributed to 
economy of operation by reducing the heat gain from trans- 
mission and thereby reducing the operation of the compressors. 
Also the better insulated the storage, the slower will be the 
changes of inside temperature when conditions outside have 
changed; thus uniformity of storage conditions is promoted by 
the better insulation. Further, the degree to which a storage 
is insulated has an effect upon the ability of the plant to main- 
tain the desired humidity. Although this is rather a complex 
relationship, in generalties it can be considered in the follow- 
ing manner. In practical operation the evaporator of the re- 
frigeration system will extract some moisture from the air at 
the same time it absorbs the sensible heat load by reducing the 
air temperature. The amount of moisture that is available for 
extraction without dropping the relative humidity in the stor- 
age below the desired point is dependent upon a number of 
factors such as quantity of fruit in the room, air infiltration, 
number of men working in the room, but for each case there 
is a certain definite amount of moisture available. It then 
follows that the lower the heat gain from transmission through 
the insulation (and this is the major source of heat gain dur- 
ing the latter part of the storage when humidity is a critical 
matter), the more moisture there will be available in propor- 
tion to the sensible cooling work that must be performed, and 
the chances are greater that the evaporator will perform the 
required sensible cooling without bringing the relative hu- 
midity lower than required. 


Handling Methods. Reference has been made previously to 
the importance of handling procedures in the cold storage, and 
some effort has been made to outline the various handling 
problems; however, a more detailed description of handling 
methods is in order because in the last 4 or 5 yr there have 
been introduced innovations in handling that have required 
major changes in construction practices and refrigeration ap- 
plication details. These changes have been caused by the in- 
troduction of palletized methods of handling. 

Previous to the introduction of palletized handling, the 
handling of individual boxes had developed certain techniques, 
and structures to suit these techniques had become standard- 
ized to a degree. Because the average storage constructed for 
the older methods of handling is not usually well suited to 
pallet operation, the older methods continue in use in existing 
plants. In these plants long-distance movement of fruit is 
usually made on belt conveyors, whereas shorter movements 
of fruit are made by hand trucks conveying single stacks of 
fruit 5 or 6 boxes high. About 100 ft is the maximum eco- 
nomical trucking radius, and belt conveyors are generally ar- 
ranged through the storages to bring all parts of the storage 
within this range of the belts. The belts can go from one level 
to another on about a 15-deg slope, and in most plants they 
are arranged to perform the function of elevators, although 
some plants also have elevators installed for handling stacks 
of fruit from floor to floor. Most plants constructed for this 
type of handling were multistory buildings, generally two or 
three floors. Ceiling heights vary and in some cases fruit will 
be stacked 12 to 15 boxes high by crews putting up each box 
individually. In other cases the ceiling is such as to accommo- 
date stacks only eight boxes high which can be stacked by one 
man working from the floor. 

In handling fruit with the pallet system, the boxes are 
stacked on pallets when they are loaded aboard the truck at 
the orchard to be hauled to the warehouse. The pallet sizes 
vary, but a pallet accommodating 40 boxes arranged 2 wide, 
4 long, and 5 high is a common size. A normal truck load is 
6 pallets. Upon arriving at the storage plant, the truck is 
quickly unloaded by men operating power-driven fork-lift 
trucks capable of handling 3,000 to 4,000-lb loads. If this 
loose fruit is going into storage, the fork truck will proceed 
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into the storage with its load and deposit it in the proper row | 


in the storage. The storage height is usually such that the 
fruit is stacked three pallet loads high and the fork trucks are 


arranged to lift their loads to this height. Because of their | 
greater speed and load-carrying ability the economical radius | 
of operation of the fork truck is far greater than that of the | 
individual hand truck. Because it is a simple matter to pick up | 
a load and move it around as desired, during peak receiving | 


hours fruit may be set to one sideson the unloading apron, 
and when the rush is over can be taken inside and stacked in 
its proper place in the cold storage. 

Most pallet storages are single-story plants constructed 
with the floor at ground level; however, there have been some 
two-level buildings constructed where the building site was 
on a sidehill and both levels were accessible to trucks. In such 
plants an elevator will generally be required for conveying 
pallet loads of fruit and occasionally fork trucks from one 
level to the other. 

The “squeeze” truck is a modification of the fork truck 
that has recently come into use in the district. Although there 
has not yet been enough experience with this apparatus to 
definitely determine its proper place in the handling picture, 
it appears to offer some promise. This apparatus has a hoist- 
ing mechanism similar to the fork truck, but instead of having 
forks which reach in under a pallet, it has on each side at the 
floor clamp arms fitted with a number of spring-loaded grips. 
The clamp arms can be moved in and out by a hydraulic 
mechanism. When picking up a group of stacks, the operator 
lowers the clamp arms to the floor level and then uses them 
to squeeze the stacks together until they are firmly gripped; 
then he can lift the stacks and travel with them in the same 
manner as the fork truck. The squeeze truck is available in 
two sizes, one to handle 8 stacks and the other to handle 4 
stacks. The smaller machine is lighter and more maneuverable 
and has been developed for use in existing buildings where the 
concentrated floor loads imposed by the conventional fork 
truck and the larger squeeze machine were prohibitive. 


Comparison of the Various Methods. A comparison of 
methods shows that each has certain advantages that must be 
considered in evaluating the methods. 

The individual-box method of handling has considerable 
advantage in the flexibility of segregating packed fruit, where 
segregation is a substantial problem. To handle the same de- 
gree of segregation with a pallet operation will require four 
to six times as much space, and where there are many small 
lots, warehousing these so they are accessible becomes trouble- 
some. On the other hand, it must be noted that with the fork 
trucks and pallets it is much simpler to “dig out’ hidden lots 
than in the individual box operation. With the individual-box 
system the investment in pallets, handling and keeping track 
of them is eliminated, likewise investment in and maintenance 
of fork trucks is avoided, although the belt-conveyor systems 
represent an investment that offsets this to some extent. Also, 
with the individual box system, entrance to the cold storage 
is made through smaller openings with the result that refrig- 
eration requirements to counteract air infiltration are consid- 
erably less than with the pallet storage. Also, the fork trucks 
give off some heat that must be removed by the refrigeration 
system. The door loss can be restricted by the use of auto- 
matic or semiautomatic power-operated doors at the entrance 
of the pallet storages, but these represent an investment which 
can properly be charged again the pallet operation. 

The pallet system has a particular advantage in smoother 
handling of the fruit. With the individual-box method each 
box is picked up and set down many times in the course of its 
travels through the warehouse and there is usually some 
roughness attending this operation. The fork trucks start and 
stop their raising and lowering operations more smoothly and 
the box receives individual handling about four times in the 
process from orchard to railroad car. Careful studies have 
shown pallet handling in the loose-fruit operation produces 
only 61 per-cent of the bruising observed with hand methods. 

Because unloading from growers trucks can be accom- 
plished more readily there is less time spent by growers wait- 

(Continued on page 464) 
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SPECIFICALLY FOR 
mobile equipment: service 


BALANCED VANE PUMP 


———— 


= The rigorous job requirements of construction, agricultural, auto- 
= = motive and materials handling machinery have long pointed out 
fz the need for a hydraulic pump expressly designed for this service. 
The new Vickers V-200 Balanced Vane Pump has been designed 
and developed to meet these requirements with the usual Vickers 
high quality workmanship ... all adding up to the “Best Pump 
Value” for this industry. 
Longer life at maximum efficiency, far in excess of fixed clear- 
ance pumps, is assured as the Vickers Pump is the only pump designed 
aa to maintain both radial and lateral running clearances at all times. 
Not only is normal wear perfectly compensated, the pump even 
automatically adjusts its clearances to oil viscosity variations result- 
ing from temperature change. As a result, correct clearances are 
maintained and more oil is delivered for useful work. 

For many installations the nominal rated capacity of the pump 
is adequate, making it unnecessary to select the next larger size 
to provide additional capacity to compensate for loss 
due to high operating pressures. increased temperatures 
or normal wear. Thus, in many cases, a smaller pump can 
be used resulting in a more compact, efficient, and 
economical installation. 

The tried and proven Vickers feature of “hydraulic 
balance” eliminates bearing loads resulting from pres- 
sure. The vane principle provides for no-load starting ... 
important in cold weather cranking. Greater mounting 
adaptability is another advantage. 

For better service, much longer life, with maximum effi- 
ciency all the way ... you need Vickers V-200 Pump 
on your mobile equipment. Write for Bulletin 49-52, 
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Cold Storage of Apples 


(Continued from page 462) 


ing in line to be unloaded at the cold storages. This represents 
an important wage saving to the grower and enables him to 
do more work with his truck investment. 

The original object of palletizing was to lower the han- 
dling costs and operators report much lower costs; however, 
an unbiased study of two operations that are sufficiently similar 
that they can be compared has not been made taking into ac- 
count all the factors of investment and maintenance, as well 
as direct labor. Such a study would probably show that there 
is not as much saving in operation as is generally supposed, 
because the investment costs are considerable. 

To give a general idea of what can be accomplished during 
the receiving season with the pallet operation, the following 
operating experiences are cited. 

One large cooperative organization operates a plant con- 
sisting of two large storages at one location. The older stor- 
age is a typical plant handling fruit by the individual-box 
method; the newer plant is a palletized operation. In a normal 
day's operation a crew of 18 men in the old plant can receive 
and put away 15,000 loose boxes. In the new plant, a crew 
of four men with fork trucks can receive and place in storage 
32,000 loose boxes. 

In another case an operator of a 160-carload-capacity stor- 
age and packing plant was able to operate during the receiving 
season with three fork truck operators who warehoused all the 
loose and packed fruit, supplied the packing line with fruit, 
removed the segregated packed fruit from the man doing the 
segregating and handled the miscellaneous supplies required 
by the packing room and loose boxes and pallets required by 
the grower. On peak days this handling crew would work 11 
hours per day and in that time would receive 11,000 to 13,000 
loose boxes and place in storage 1,500 to 2,000 packed boxes 

of apples. 
§ In connection with pallet storages there is some saving 
possible in building construction because intermediate floor 
| structures are eliminated; however, there is a tendency to ab- 
: sorb the amount saved on the building by paving exterior 
areas to give more flexible handling. 

Also the pallet operation has the advantage that the pallet 
on the floor is in reality a portable floor rack and is of value 
in eliminating the transmission of ground heat into the fruit. 

Although the use of squeeze trucks is still in the experi- 
mental stage, they are of interest because they offer the fol- 
lowing advantages. 

The investment, handling, and accounting for pallets is 
eliminated. 

The truck can handle single stacks as well as double-stack 
loads and can pick off any number of the upper boxes of a 
stack the operator may select. This is an advantage in com- 
bining partial loads and in high stacking where ceiling heights, 
for instance, permit a 9-box high stack and the full stacks 
coming from the orchard truck are 6 high. 

The truck is useful for handling other commodities around 
the plant such as empty boxes, cull fruit, paper and packing 
supplies—all commodities that are bulky and where it is not 
desirable to tie up pallets. 

The squeeze truck has the serious disadvantage that it 
must pick up its load from a surface that is level with respect 
to the transverse axis of the machine. It cannot satisfactorily 
pick up its load from the side of a motor truck because the 
truck bed is rarely level. With the pallet truck operating under 
these conditions, the pallet is leveled as it is picked up, but 
with the squeeze truck the pile is firmly grasped before being 
picked up and cannot be leveled. 

Special Requirements of Pallet Storages. Although the ex- 
tent of savings in operating cost with the pallet storage is 
difficult to analyze, its additional advantages from the stand- 
point of smoother and more rapid handling are sufficient to 
lead to the belief that most large future construction will be 
of this type. The squeeze truck will probably find its largest 
application in existing warehouses. 
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Since palletized storage is a recent innovation, the follow: ng 
special requirements for this type of plant should be note 

In general, single floor construction on ground level is 
used; where topography or land values make multilevel bui d- 
ings advisable, the floors on upper levels must be hea\ ly 
reinforced. 

The storages should be constructed with as few colun as 
as possible as these interfere considerably with stacking in 1e 
storage. In single story buildings up to 100 ft wide it is ¢ s- 
tomary to use roof trusses and eliminate all columns. 

Entrances to the storages should have adequate cleara: ce 
for passage of the trucks. It is good practice to make 1¢ 
openings two or three feet wider than the pallet load to ass: re 
clearance. Special automatic or semi-automatic power-opera' ed 
sliding doors should be installed back of the cold stor. ze 
doors so that the storage can ke closed except for those shurt 
intervals when the truck is actually passing through. If such 
doors are not provided the cold storage doors will be open 
for most of the 8-hr period that the receiving crew wor«s. 

Large exterior paved areas slightly lower than the culd 
storage floor are required for proper handling in connection 
with this type of operation. A portion of these should be cov- 
ered so that during winter weather handling operations that are 
best carried on outside can be accomplished conveniently. 

Electric-driven trucks are preferred for use inside cold 
storage, in spite of the inconvenience of charging their storage 
batteries and the higher first cost of apparatus. Gasoline- 
engine-driven trucks will soon load the storage with fumes to 
a point where they are obnoxious and dangerous if the storage 
remains closed during the period of their use. Such trucks are 
very useful to handle work outside of the storage and can be 
used for an occasional trip into the storage; as a result it is 
common to see both electric and gasoline trucks at a plant 
with the gasoline trucks working outside most of the time. 


Glue in Framing Farm Buildings 
(Continued from page 457) 


8 Kerfing of members to be glued has little value in 
minimizing the effect of dimensional changes of lumber. 


9 Nailed and glued joints after peing stressed to failure 
will still carry a greater load than nailed joints due to the 
frictional resistance of distorted wood fibers in the plane of 
failure. 
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These views suggest the wide variety of diam- 
eters, pitches and gauges of screw conveyor, in 
continuous and sectional flight types, as manu- 
factured by Link-Belt. For incorporating in agri- 
cultural implements, flighting can be supplied 
mounted or unmounted. 


NK-BELT 
Screw Conveyor... 
A STRONG FAVORITE ON COMBINES 


Oliver Model 33 Self-Propelled 
““Grain Master’’ Combine, with 
12-foot Link-Belt Screw Con- 
veyor to feed cut grain to ele- 
vator. 


nit 


Since screw conveyors were first adopted for use on com- 
bines to gather the cut grain, Link-Belt Company's “‘Heli- 
coid"’ (continuous) flighting has been in increasing demand 
by leading builders. The extreme simplicity, ruggedness 
and long life of this efficient conveying mechanism satisfy 
the most exacting requirements of manufacturers and users. 


Engineers have found numerous other uses for the rug- 
ged, efficient screw conveyor for digging, cutting, feeding, 
mixing and elevating operations on a wide variety of im- 
plements. Link-Belt engineers invite your inquiries and are 
ready to assist you in making profitable use of Link-Belt 
screw conveyors. Write our nearest office, today. 


12,073 


LINK-BELT COMPANY 


Chicago 9, Indianapolis 6, Philadelphia 40, Atlanta, Houston 1, Minneapolis 5, San Fran- 
cisco 24, Los Angeles 33, Seattle 4, Toronto 8, Johannesburg. Offices in Principal Cities. 
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Technical Aspects of the USDA Watershed Program 


for the Missouri Basin 
By L. L. Kelly 


MEMBER A.S.A.E. 


to the Congress, declared that “the major opportunity 

to increase the wealth of the Nation lies in the devel- 
opment of the great river systems.” I can find no better ex- 
ample of this statement than the great basin of the Missouri 
River —the country’s largest single river. Its waters flow 
from ten states and drain one-sixth of the country’s total land 
area, one-fourth of its farm land. Its waters are gathered by 
80,000 miles of tributary streams with drainage areas of less 
than 250 square miles and 20,000 miles of streams with drain- 
age areas of over 250 square miles. 

In October, 1949, the U.S. Department of Agriculture 
recommended to Congress an agricultural program for the 
Missouri Basin for the development and conservation of land, 
water, and forest resources, and for flood control. The pro- 
gram encompasses five major operating phases: 

1 Conservation and improvement’ measures on crop and 
grass land. 

2 The development and management and use of forests 
and ranges 

3 Stabilizing measures for small watercourses 

4 Irrigation 

5 Drainage. 


Supporting these primary phases are (a) soil surveys, (b) 
research and investigations, (c) extension education, (d) 
credit, and (e) rural electrification. 

The proposed Missouri Basin Agricultural Program will 
not replace the existing agricultural programs. Programs of 
assistance to landowners and operators, work on public lands 
under jurisdiction of the Department of Agriculture, and 
other cooperative work will continue as provided for by allo- 
cations from existing national agricultural programs. 

In addition to the continuation of existing programs 
throughout the Basin, it is anticipated that the first stages of 
acceleration and intensification will be carried out in areas of 
highest priority. These high priority areas will in general in- 
clude the areas where, first, flood and sediment damages and 
erosion losses are greatest, and where, second, the combina- 
tion of interrelated land use and conservation practices and 
measures for stabilizing small watercourses will produce the 
greatest benefits. This requires the application of the measures 
on a subwatershed basis. 

The design and application of a program on a subwater- 
shed must make use of the best thinking of engineers, hydrolo- 
gists, sedimentationists, agronomists, range specialists, for- 
esters, soil technicians, and economists. These men must think 
not only along the line of their specialty, but their thinking 
must be guided by consideration of the habits, customs, re- 
sources, and abilities of the people in the subwatershed. 

In connection with the development of the agricultural 
program for the Missouri Basin, the Soil Conservation Service 
made intensive studies of several subwatersheds. The purposes 
of the studies were to determine a complete program of con- 
servation measures and stabilizing measures for small water 
courses, and to analyze the effectiveness of this program in re- 
ducing damages caused by floodwater, sediment, and erosion. 

The small watersheds ranged in size from 5 square miles 
to about 250 square miles, and in geographical location from 
eastern Kansas to central Montana. They represented a wide 
range of conditions and presented typical local problems. 


. BOUT three years ago, President Truman, in a message 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, Ill., December 1949, as a 
contribution of the Soil and Water Division. 

The author: L. L. KE tty, flood control specialist, Regional Water- 
Conservation Div., Soil Conservation Service, U.S. Department of Agri- 
culture, Lincoln, Neb. 


The studies centered around (a) an inventory of dama es 
caused by floodwater, sediment, and erosion, (b) the plann .g 
and selection of a program to alleviate the damages, and : =) 
the evaluation of the effects of the program on damages, — «. 
the benefits. 

The inventory of damages included the damage to crips 
and pastures by floodwater and sediment, the damages to 
land such as streambank erosion, gullying and valley tren: h- 
ing, the damage to farm improvements, and the damage to 
toads, bridges, railroads, and utilities. These damages were 
inventoried physically and then evaluated in terms of dollars. 

The planning and selection of a program included consid- 
eration of agronomic land treatment measures such as the 
maintenance of cover, use of soil amendments, crop rotations, 
pasture and range management, and changes in land use based 
on land use capability classes; it included consideration of 
mechanical land treatment measures such as terraces and con- 
touring; it included consideration of structural measures such 
as gradient control structures, retarding dams, and floodways. 

The evaluation of the benefits of the program consisted 
of determining the effect that the designed program would 
have on the reduction of the damages mentioned above, plus 
the conservation benefit that would accrue to farmers and 
ranchers from increased crop yields. It is important to recognize 
that conservation measures almost always increase crop yields. 

In working with the three elements of damages, program, 
and benefits, there were many problems. There is, for ex- 
ample, a great lack of hydrologic data for small watersheds; 
the relationship of floodwater to crop and other damage is 
indefinite because of many variable factors; the effect of con- 
servation measures upon crop yields is not readily determin- 
able, particularly when several measures are used in combina- 
tion. These are problems that had to be met by individual 
technicians and in consultation with residents of the water- 
shed and authorities in the several fields. A more difficult 
problem was to achieve an understanding of the interrelation- 
ship of measures and the different effects various combinations 
of measures would have. 

To gain understanding of the interrelationship of meas- 
ures, and of the relationships of benefits and costs of combina- 
tions of measures, several alternative programs were cons:d- 
ered for each of the small watersheds. These alternatives 
tanged from providing significant protection by use of land- 
treatment measures alone to providing protection by the ° se 
of land treatment plus a maximum use of structural measures. 
A program depending on land treatment alone resulted, in 
most cases, in large reductions in acreage of cultivated cr. \p- 
land and consequent drastic changes in the farming syst« ns 
that were not believed practicable of attainment. Land tr: it- 
ment plus intensive measures for waterway control imprc es 
and maintains the watershed but frequently results in exces: ve 
costs. Somewhere between these two extremes there are p: ic- 
tical, sound solutions to the floodwater, sediment, and eros 0n 
problems of the subwatersheds. 

We realized that a program could not be planned pi €- 
meal. The land-use treatment planned by the land conser. a- 
tionist must tie to the structural measures planned by c 1- 
servation engineers (Table 1). For example, crop rotati: 1s, 
fertilizers, etc., are commonly accepted conservation practi ¢s. 
This type of measure reduces damage by protecting the |. ad 
from sheet erosion, and increases infiltration by protect 1g 
the soil surface and promoting better soil structure. Howe: <t, 
on certain land types these measures cannot stand alone. 11 -r- 
racing is required. The terraces will decrease sheet and gi |ly 
erosion and thus support the above measures by maintain 1g 
the fertility and soil structure. (Continued on page 4 8) 
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A charming modern home of Douglas fir plywood 


EXTERIOR-TYPE 
Douglas Fir Plywood 


GRADE A-C 
OFPA INSPECTED 


piyGcoRD 


© SHEATHING 


Douglas Fir Plywood 


AALS 
insPacTeo 


PlyShield is the siding grade of Douglas fir 
plywood. This is a grade within Exterior-type 
plywood; panels are bonded with com- 
pletely waterproof adhesive, and identified 
by the EXT-DFPA grade-trademark (see be- 
low). One face of highest appearance 
quality; sanded both sides. 


PlyScord is the unsanded construction panel, 
for sheathing, subflooring and roof decking 
on farm homes. Bonded with highly moisture- 
resistant (but NOT waterproof) glues. 


PlyPanel is the “one-side” grade of Interior 
plywood, with face of highest appearance 
quality. Sanded both sides. Bonded with 
highly moisture-resistant (but NOT water- 
proof) glues. 


For ALL Farm Service Buildings, 
Specify Exterior-Type Plywood! 


For BOTH exteriors and interiors of 
service structures—barns, poultry 
houses, etc.—specify Exterior ply- 
wood only. The 100% waterproof 
bond of Exterior plywood will with- 
stand hours in boiling water—a test 
more severe than years of weather- 
ing. The EXT-DFPA grade-trademark 
on the panel edge is your positive 
identification. 


Strenctu, durability, rigidity, ease of handling and 
workability—these are the primary advantages of 
Douglas fir plywood for home construction. Versatile 
plywood may be utilized through every step of home 


building: 


Basement, Foundation Forms: 
Specify PlyScord for quickly- 
constructed “‘one-use” con- 
crete forms. Panels are easily 
stripped for economical re-use 
as sheathing or subflooring. 


Subfioors: Use PlyScord for 
rigid, tight construction. Pro- 
vides a superior platform for 
finish flooring, gives extra lat- 
eral rigidity against wind and 
earthquakes. 


Underlay Floors: Under linole- 
um, composition tiles, carpet- 
ing and other wall-to-wall cov- 
erings, specify PlyPanel or Ply- 
Base. Big panels give a smooth 
surface, with very few joints 
to offer points of wear. 


Wall Sheathing: PlyScord adds 
strength, rigidity and tightness. 
Government tests show ply- 
wood sheathed walls to be more 
than twice as strong and rigid 
as 1 x 8” diagonally sheathed 
walls. 


Roof Decking: PlyScord means 
tighter construction here, too, 


Complete data on plywood’s farm 
uses—including farm home construc- 
tion—is contained in this 28-page 
booklet. Single copies free to Agri- 
cultural Engineers and Specialists. 
Write the Douglas Fir Plywood Associ- 
ation, Tacoma Bidg., Tacoma 2, Wash 
or Albert E. Powell, Agricultural 
Engineer, P.O. Box 32, Ames, lowa. 


and a superior deck for shingles 
or other finish roofing. 


Exterior Walls: PlyShield fits 
any architectural treatment. 
Can be used for lapped siding, 
wide siding, board and batten, 
flush surfaces. Preferred for 
gable ends, dormers, soffits, 
porch ceilings, trim. 


Interior Walls: PlyPanel pro- 
vides attractive, kick-proof, 
puncture-proof walls, _ parti- 
tions, ceilings. May be given 
light stain-glaze finish to bring 
out the natural wood beauty 
- . . painted, enameled or 
papered. With plywood “‘dri- 
bilt” construction there is no 
dry-out period to postpone 
home occupancy. 


Cabinets, Built-Ins: Se ve ral 
grades of Interior-type plywood 
may be utilized for kitchen and 
bathroom cabinets, wardrobes 
and other built-ins. Further 
details on plywood for this use 
—and other construction uses 
throughout the farm home— 
will be found in the booklet 
offered below. 


AMERICA'S BUSIEST BUILDING MATERIAL 
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Watershed Program for the Missouri Basin 
(Continued from page 466) 


Terraces require vegetative outlets, in fact, the terraces are 
dependent on the vegetative outlet. 

The vegetative outlet in many cases is not a complete 
answer to the control needs and grade stabilization structures 
are required to support the vegetative outlet. Thus all of the 
measures above become dependent on the grade stabilization 
structure. In correct combination this group of measures will 
reduce erosion on the land and in minor waterways to a prac- 
tical minimum; thus downstream sediment damage will be 
significantly reduced. In contrast, the effect of these measures 
upon runoff reduction may be relatively minor in a large part 
of the Missouri Basin. Climatic effects on vegetation, and the 
reluctance of individuals to exchange cash crops for runoff- 
reducing crops will make the runoff reductions extremely vari- 
able. Additional measures that will complete a balanced pro- 
gram for the reduction of floodwater, sediment, and erosion 
damages should be considered. An example of such a measure 


TABLE 1. INTERDEPENDENCY OF MEASURES 
Measure Effect 
Crop rotations, fertilizer, etc. Reduces erosion, increases infiltration 
Terraces Maintains soil structure and fertility 
by decreasing sheet and gully 
erosion ’ 
Vegetative outlets Supports terraces 


Grade stabilization structures Supports vegetative outlet 
In combination, the above measures reduce down- 
stream sediment drainage significantly; however, the 
reduction of downstream floodwater damage is minor. 
Retarding dams Reduces downstream floodwater dam- 
age; réduces costs of other meas- 
ures by reducing peak discharges; 
may be substituted for grade sta- 
bilization structures at a lower cost 


is a retarding dam. Retarding dams will cause an immediate 
and positive reduction of downstream damages. In numerous 
cases they may be substituted for gradient control structures 
at a reduced cost; and in many cases they will reduce the cost 
of grade stabilization structures and other measures by con- 
trolling the inflows to the measure below. 

In all of the small watershed studies an analysis was made 
of the costs and effects of three or more alternative programs 
for the reduction of floodwater and sediment damages. A 
simplified analysis of the programs on one of the small water- 
sheds is presented in Table 2. 


TABLE 2. SIMPLIFIED ANALYSIS OF ALTERNATIVE PROGRAMS FOR 
REDUCTION OF FLOODWATER, SEDIMENT, AND EROSION DAMAGE 


Land treatment 
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cropland to permanent pasture, and 8900 acres of contour 
farming and terracing. No gradient control structures or re- 
tarding dams were considered. The annual costs were very 


low — $9,000. The reduction of flood damage was estimated | 


as 49 per cent. 
Program II provided for stabilizing the grades in the small 


watercourses so that all the land could be kept in the most | 


intensive use commensurate with its capability (999 structures), 


This required only a 13 per cent conversion of cropland to | 


permanent pasture and allowed the application of terraces and 
contouring on 14,200 acres. The annual costs of this program 
are extremely high ($161,000). Flood damage was reduced 
43 per cent. 

Program III was identical with Program II except that 22 
retarding dams were added. Seventeen of the retarding dams 
were used to replace seventeen of the grade control structures. 
This resulted in a decrease in annual costs of $13,000 (161- 


148,000). It resulted in damage reduction estimated at 89 


per cent. On the basis of increased flood protection and te- 
duced costs we can, therefore, cast out Program II. 

Program IV represents a reconsideration of the features of 
Program I and Program III, as we have dropped Program II. 
It is apparent that a choice must be made between the limits 
of a program depending on low cost and lower flood reduc- 
tion (Program I) and a program of high cost and greater 
flood reduction (Program III). 

Examining the land-treatment phases of the watershed 
indicated that it was possible to go to about 30 per cent con- 
version of cropland to permanent pasture without harmful im- 
pact on the economy of the area. This immediately resulted 
in a decrease in the cost of gradient control, because only the 
land most easily protected was left in cultivation. The 22 
retarding dams would provide positive protection to irrigated 
lands, flood plain lands, and developments in the flood plain 
lands. The annual costs of Program IV would be $82,000 
and the estimated damage reduction 76 per cent. Note that the 
net benefit (this includes increased crop yields because of con- 
servation on the land) is the highest of any program considered. 

On the basis of a practical degree of flood protection, a 
high net benefit, and an annual benefit of over $3 for each $1 
of annual cost, Program IV appeared to be a logical program 
to recommend for this particular watershed of about 50 square 
miles in size. 

I have presented in simplified terms an analysis of the pro- 
gram alternatives. A much more detailed analysis was made 
in actual procedure. For example, the benefits and costs for 
each type of structure were estimated, and the benefits from 
increased yields of crops were calculated sep- 
arately from benefits from floodwater and sedi- 
ment control. 

These intensive studies of small watersheds 
within the Missouri Basin show that flood- 


Reduction —" Structures — Pa Boi water and sediment damages in upstream areas 
in illage 1 a Y are serious. A rational analysis of a range of 

Program cropland, practices, Grade Retarding damage costs, benefit, rage - 

per cent acres control dams percent $1,000 $1,000 measure-combination programs can point the 
- ' in pig : ‘ pa : po way to practical solutions of the problems in 
rogram , small watersheds. 
Program II 13 14,200 999 0 43 161 241 
Program III 13 14,200 982 22 89 148 271 . , 
Paes ons a cme oe a a =the An Electric Power Company’s Respon- 


This particular small watershed, some 50 square miles in 
area, is in central Nebraska; at present over 50 per cent of it 
is cultivated, the balance being pasture, wasteland, roads, etc. 
Of the cultivated land approximately one-third is usually in 
wheat, one-third in corn, and one-third summerfallowed. The 
economy of the area is based principally on wheat and corn as 
cash crops. The topography is a gently rolling upland break- 
ing off to a semicanyon type of drainage. 

In all four of the alternative programs listed in Table 2 
the land treatment was based on land-use capabilities. 

Program I included only land-treatment measures that 
could be established and permanently maintained with no 
support from structural measures. The program consisted 
principally of a conversion of 45 per cent of the cultivated 


sibility in Irrigation Engineering 


wet is the electric power company's responsibility in engineering 

an irrigation system? The Portland General Electric Company knows 
and appreciates the fact that, in the region it serves, agriculture is 
much more profitable with supplemental irrigation than without it, and 
that as a company we can be no more prosperous relatively than the 
community we serve. Increased income to agriculture benefits us as 
members of a prosperous group as well as directly from the sale of 
power... 

Supplemental irrigation has played a very. important part in remov- 
ing certain limitations placed on agriculture. With it we are able to 
carry on an entirely different farm program than that practiced before. 

It is with these facts in mind that we are trying to guide the farmer 
to avoid buying an unsound, inefficient irrigation system. We feel it is 
our duty to help design a system to fit the needs of our customer, one 
that will give him maximum plant efficiency at lowest possible operat: 
ing cost.—Floyd O. Miller in Farm Electrification for July-August, 1950. 
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Early one morning a farmer noticed the wheels (2) of his plow had disappeared. He 
— 
looked closer and the oxte/ ~~) was gone. The plow’s tongue,” was missing, too. So 


were the heavy levers. 


And the clutch. OY Coil springs. %p, Shear pins. He rubbed his 


eyes and saw something more—the shares, even they were different—they were “Razor 


Blade” shares, the kind you don’t sharpen but just throw away and replace with new ones. 


Here was a magic plow—the Dearborn Economy 
Plow for use with the Ford Tractor. Missing parts 
galore, and yet it plowed an even depth, made 
clean-cut furrows and turned furrow slices over as 
nice as any you have ever seen. 


Parts once considered vital to plow performance 
are unnecessary on the Dearborn Economy Plow. 
They have been discarded along with their mainte- 
nance trouble and expense. But this is the small, 
easy-to-see part of the story. 


The Ford Tractor carries the Dearborn Economy 
Plow. In effect the rear wheels of the tractor become 
wheels for the plow. Thus this plow’s “suck” or 
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MAMPUTIEG §— WR INCOME PER ACRE 


down pull in effect adds weight to the tractor’s 
rear wheels; more in heavy soils, less in light soils. 
So, the Dearborn Economy Plow—the Magic Plow 
— contributes directly to the performance of the 
Ford Tractor itself! 


Furthermore, the Dearborn Economy Plow’s 
“Razor Blade” shares cut plowing costs to the bone. 
Tests show savings on share costs alone as high as 
$40.00 per 100 acres plowed! 


To receive additional information on this fasci- 
nating story see your nearby Ford Tractor dealer. 


DEARBORN MOTORS CORPORATION ¢ DETROIT 3, MICHIGAN 


COPYRIGHT 1959 DEARBORN MOTORS CORPORATION 


MEANS LESS WORK... 


OR THE CASE OF THE MISSING PARTS AND “RAZOR BLADE” SHARES 


teas he , Reise ER a a PE Con iar gS ee se Se erie ae ey > ol x Ry) 5 
c 2 ae! es ; ° ie ui a DERE a eae” Oo! S Saaemie ge ae ot edd ee : a 
aes ray a weed ae 2: as eis a i © me thy Dek te seta se F Ae Layee oie s x 3 ee o : ape te ie 3 $ 
SEO SS gy gaa es es ees me ty is RES eet 0 elo aM: em aR P P ; i 
ata ey bas oe ta : : eae Ors es ri oak Nee Maar he ety vee Cant z F es . ‘ | 
j 
| 
| 
7 THE | 
4 | 
, . } 
el xa 
ery | & (} d in a. 
ted f , , we ee | ‘ 
af f OA, (4 | | ee | 
_ ‘ é ; Ps Le oe | 
a cate ae. * q 
to ‘ ; Se Gee ‘ 
ind ee ey > Bee 
: re pene | oy |  kuleg tp Pare nae a 
= Se a . ae * 2 G® 
ce a fe 
22 pee ' f ot Be ce > ; * —— >a5. 
res, or ss: t \ Mie Wt ae \ 
6 ae Mees OS on teaay® , <a: b “Se aes Bet Sa Baas ew 
| a a ae OO RN ee a 
89 na a ah — aes oS ie ‘Gh We ey 
. joy |. = of ea |S er 
oo ™ eS ps SS 
= pi4- : 
luc ima lr 
= = Rp ry) . 
ater | p O° \ oy I} 
uth (225 valk Sa | 
hed | YY [loa hod ad f BB 00 aw 
‘on- UA a mend \* ie ANA ¥ a 
7 Nia ge BRS, eee Poe ag ~¥ eet: mm SERA we By 
im- 7. Ks ————— 2 ~ << PS & . rs iia : ard 4 4 
ted NN eee ae ae en Serres ae ees 
the een ea eae no ONE ak ne ee eee sea ee : serena . 
. ~- x eas on a . et arab gag a@a ts 9.6 te a acnamemaale “gag WES Bathe see “i EF Boda. 
‘ eyes = siaaiiile adi ‘i One enc ae ea , 
= | "7 2 at” a <n PR ES 
000 | 
on- | 
red. i 
a 
ee 7 | 
am 
“| ee, 
ro- ; 
oe 
for @ 
ep: a 
edi- 
. 
ie | 
\4 
eds i 
< | 
eas | 
of 1 
the |@ 
in i 
| ee ee 
n- | 4 
ring | { 
ows | 
is 
and 
. a | 
as | 
- of ee | 
10V- ; : ‘ : ] | 
> to ; = 2 : 
se : 
ore. a) ee P77 | 
“| Pa COM | 
tis § FARM EQUIPMENT [1 RACTO R | 
one ¢ < 
rat- } ' : : : ‘ q 
150. = ee | 
ee 469 
\ 
- pi; rf Ree eet el. SH ice 2 Ra ee A + 2 AF Sa tne Sera ie 


470 


AGRICULTURAL ENGINEERING for September 1950 


DOUALA ILLUMI UL LL WU 


NEWS SECTION 


Mucins ttc ttt 


SAE Tractor Meeting Program 


7s national tractor meeting of the Society of Automotive Engineers 
will be held at the Hotel Schroeder, Milwaukee, Wis., September 12 
to 14. The meeting is being sponsored in cooperation with the Mil- 
waukee Section of SAE. 

Technical papers for the program will cover earth-moving equip- 
ment, winter operation of construction equipment, relative merits of 
proving ground and field testing, progress in tractor tire development, 
standardization of parts, and discussion of the relative merits of stamp- 
ings, forgings, and castings. 

An important feature of the meeting will be a dinner address by 
Dr. Robert E. Wilson, chairman of the board, Standard Oil Company 
(Indiana), entitled “America’s Future Oil Supplies.” 

The technical program for the forenoon of September 12 includes 
three papers, one on the use of reduced-scale models in heavy-duty 
equipment design by R. A. Beckwith, Koehring Co., another on earth- 
moving equipment design from the user's point of view by H. E. Far- 
nam, Jr., M. A. Hanna Co., and the third on earthmoving equipment 
on the Minnesota iron ranges by J. H. Hearding, Jr., Oliver Iron Min- 
ing Co. The afternoon program of the same day includes three items, 
opening with a review of the work of the SAE Construction and 
Industrial Machinery Technical Committee by J. W. Bridwell, Cater- 
pillar Tractor Co. This will be followed by a paper on winterization of 
construction equipment by R. W. Beal, engineer, research and develop- 
ment laboratories, Fort Belvoir. The concluding paper is on proving 
ground versus field testing by P. H. Spennetta, Caterpillar Tractor Co. 

Two papers will make up the program of the forenoon session of 
September 13, one on the elements of metal-arc welded design by L. C. 
Bibber, Carnegie-Illinois Steel Co., and the other on welding design of 
the resistance type by F. A. Bodenheim, Federal Machine and Welder 
Co. The afternoon program will be opened with a joint paper by I. F. 
Reed, U.S. Department of Agriculture, and J. W. Shields, U.S. Rubber 
Co., on the effect of lug height and of rim width on the performance 
of farm tractor tires. The second and concluding paper of this session 
will be on design by measurement by W. T. Bean, Jr., a consulting 
engineer. 

The principal feature of the program for the forenoon of September 
14 is a paper on hydraulic control systems for farm tractors and imple- 
ments by H. A. Ferguson, International Harvester Co. The afternoon 
program of the same day will open with a progress report on hydraulic 
cylinder standardization by E. W. Tanquary, International Harvester Co. 
This will be followed by a panel discussion on the subject of stampings 
to replace forgings and castings, which will be participated in by rep- 
resentatives of stamping, fabricating, and equipment companies. 

The principal feature of the closing and dinner session of the meet- 
ing on the evening of September 14 will be addresses by SAE President 
James C. Zeder and the address by Dr. Wilson. 


Pacific Coast Section Meets in January 


NNOUNCEMENT is received that the Pacific Coast Section of the 

American Society of Agricultural Engineers will hold its yearly 
meeting on January 26 and 27 in the California Fruit Growers Ex- 
change Building, 707 West Fifth St., Los Angeles, Calif. Program for 
the meeting is now being planned. 

It is also announced that the annual West Coast farm machinery 
conference, which is planned and carried out under the wing of the 
agricultural engineering division of the University of California at 
Davis, will be held at Davis, February 2 and 3. 


Grassland Farming Program 


¥ pene Joint Committee on Grassland Farming is holding its 1950 
meeting in conjunction with the meeting of the American Society of 
Agronomy and the Soil Science Society of America, at the Netherland 
Plaza Hotel, Cincinnati, Ohio, October 30. The chairman of the one- 
day meeting will be Wheeler McMillen, editor-in-chief of Farm Journal. 

The forenoon program will open with a talk on fertilization and 
nutrition of grasslands by Dr. F. E. Bear, New Jersey Agricultural 
Experiment Station. Building soil tilth with grasslands will be dis- 
cussed by G. N. Hoffer, American Potash Institute. D. F. Beard, U.S. 
Department of Agriculture, will talk on grass and legume mixtures 
essential for a grassland system. The closing talk on the program of 
this session will be on grassland farming management by D. Howard 
Doane, Doane Agricultural Service. 

Four numbers will feature the afternoon program, which opens with 
an account of the experiences of Paul Strickler and Willis Stout, Vir- 
ginia and Kentucky farmers, respectively, on their grassland programs. 
F. W. Duffee, University of Wisconsin, will discuss the subject of 


a 


A.S.A.E. Meetings Calendar 


‘October 19 and 20—PaciFic NoRTHWEST SECTION, Com 
mercial Hotel, Yakima, Wash. 


October 20 and 21— PENNSYLVANIA SECTION, Brunswick 
Hotel, Lancaster, Pa. 


December 18-20 — WINTER MEETING, The Stevens, Chicago, 
Ill. 


January 26 and 27—Paciric Coast SEcTION, Calif. Fruit 
Growers Exchange Bldg., 707 W. Sth St., Los Angeles, 
Calif. 


February 5-7 — SOUTHEAST SECTION, Peabody Hotel, Mem- 
phis, Tenn. 


June 18-20-— ANNUAL MEETING, Rice Hotel, Houston, Tex. 


Note: Information on the above meetings, including 
copies of programs, etc., will be sent on request to 
A.S.A.E., St. Joseph, Michigan 


grassland mechanization. The economics of grassland farming will be 
discussed by Herrell DeGraff, Cornell University, and the closing num- 
ber on the program will be a talk on observations from a recent grass- 
land survey by D. R. Dodd, Ohio State University. 


Krewatch New Washington Section Chairman 
A’ the last meeting of its 1949-50 meeting season, the Washington 
(D.C.) Section of the American Society of Agricultural Engineers 
chose A. V. Krewatch, extension agricultural engineer, University of 
Maryland, as the new chairman of the Section for the ensuing year. He 
succeeds H. S. Pringle, extension rural electrification specialist, Exten- 
sion Service, U.S. Department of Agriculture. 
Other officers elected at the meeting include the new vice-chairman, 
S. J. Marek, technical standards division (REA), U.S. Department of 
Agriculture, who served the Section this past year as secretary-treasurer. 
The new secretary-treasurer of the Section is Chester P. Davis, Jr., 


associate agricultural engineer, farm electrification division (BPISAE) 
USDA. 


Edwards of Cornell Receives Safety Award 


Caron M. EDWARDS, extension agricultural engineer, Cornell 
University, was the recipient of the Safety Award for 1950, spon- 
sored by the ASAE Committee on Farm Safety. The award in the form 
of an engraved plaque, provided by the National Association of Mutual 
Insurance Companies, was made to Mr. Edwards and to the New York 
Agricultural Extension Service, by whom he is employed. Mr. Edwards’ 
exhibit portrayed bicycle safety for rural and urban children and was 
displayed at the 1950 ASAE annual meeting in Washington, D. C. 

The Farm Safety Awards are made annually in three classifications on 
the basis of reports and demonstrations made by extension workers on 
farm and home fire safety and on farm and home accident safety, and 
on similar material submitted on farm and home fire and accident safety 
jointly sponsored in cooperation with other agencies. While there was 
only one entry in the one division of the safety award this year, RK. E. 
Heston, a member of the Committee on Extension in charge of safety 
activities states that numerous letters already have been received, indi- 
cating that the 1951 activity will include entries in all three divis:ons. 
The awards are given for outstanding activity each year in extension 
work in farm safety to encourage extension agricultural engineers in 
promoting activity in safety education. 


A-E Degree Offered at Colorado A. & M. 


 Brscospeer A. & M. College joins a large group of land-grani col- 
leges which offer a BSAE degree through a professional agricultural 
engineering curriculum. The new course will be administered by }. T. 
Strate, head, mechanical engineering division, under the dean of cngi- 
neering. Due to limitation of funds and until enrollment justifies, n0 
separate agricultural engineering division is being set up now. For the 
present the new agricultural engineering curriculum will be sponsored 
by the mechanical engineering division. 

The freshman year is the same as for all engineering students. With 
the exception of a course in crop production, the sophomore year is 
identical to that given students in mechanical engineering. Besides the 
basic subjects in agriculture and the core of engineering courses such as 
thermodynamics, mechanics of materials, (Continued on page 472) 
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REASONS 

WHY SKF 
1S PREFERRED 

BY ALL INDUSTRY 


There’ve been tremendous strides in agriculture since 
the man with the hoe tilled the fields and bent back-breakingly to the 
harvest. Today, this $30 billion industry is increasingly mechanized 
... produces ever-larger crops at ever-lower costs. And in these trac- 
tors, cultivators, harrows, combines, reapers, no part is more important 
than the bearings that mean smooth, dependable operation. Through 
continuous research, advanced metallurgy, manufacture to the most 
exacting standards of quality, and through rigid control of every 
operation, sts has developed Ball and Roller Bearings that meet 
precisely the requirements and standards of builders of agricultural 
machinery ... through long-range planning, anticipates the needs of 
improved and more efficient design. SF INDUSTRIES, INC., PHILA- 
DELPHIA 32, PA., the pioneers of the Deep Groove Ball Bearing — 
Spherical Roller Bearing—Self-aligning Ball Bearing. 7029 


BALL AND ROLLER BEARINGS 
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NEWS (Continued from page 470) 


machine design, fluid mechanics, hydrology, etc., advanced subjects in 
agricultural engineering will include irrigation and drainage, farm 
structures, farm machinery, and farm power. 

For many years the division of mechanical engineering has had a 
research staff working at the agricultural experiment station on agricul- 
tural mechanization. The two programs of research and teaching can 
now complement each other. 2 


Louisiana Recognizes Agricultural Engineers 


Ast No. 73 of the Louisiana state legislature, revising previous laws 
of the state on engineering registration, specifically names agricul- 
tural engineering as one of the branches to be recognized and covered 
by engineering registration and certificates within the state. Other 
branches of engineering coveréd by the registration law include chem- 
ical, civil, electrical, metallurgical, mining, and petroleum engineering. 


British Publications on Ag Engineering 


NUMBER of publications recently received from the British Society 

for Research in Agricultural Engineering, the National Institute of 
Agricultural Engineering (Wrest Park, Silsoe, Beds, England), and the 
Scottish Machinery Testing Station, include abstracts on Agricultural and 
Horticultural Engineering (No. 1, Spring, 1950), crop drier engineer- 
ing development (CS 3/1124), and reports of tests on the following: 
multi-planter with Ritchie easy-feed attachment, Templewood prototype 
614 cwt/hr grass meal plant, Skidmaster pneumatic tire girdle fitted to a 
Fordson major tractor, rick lifter, Marconi moisture meter (Type 
TF933), Wilmot “Alvin Blanch” grain drier, John Salmon beet har- 
vester, Packman potato planter, Bloor farmyard manure spreaders, proto- 
type land-rover, Claas universal seed drill, Taylor pike lifter, Slade- 
Curran grass drier, Letz 540 fodder chopper and silo filler, Fordson 
major tractor with county full tracks equipped with vaporizing oil en- 
gine, Fordson major tractor powered by Perkins P.6 engine, Massey- 
Harris 744D tractor (prototype), Angus single-row potato digger, I.C.I. 
Mark 3 drier (used as a grass drier), Salopian sweeplift crop collector, 
Ferguson tractor model Ted. 20 Mark II running on vaporizing oil, 
“Ayrshire” elevator, worn steel deep-digger shares reconditioned and 
modified by L. H. Tite, Esq., Causeway Green, Birmingham (multipoint 
shares), Scarcliffe 2-row potato planter, J.F.W. dusting unit for Colwood 
tractor, and Minns sugar beet harvester (Model SL2). 


PSAE Publishes Journal 


T= Philippine Society of Agricultural Engineers has recently issued 
the first number of their Agricultural Engineering Journal. The 
journal was established this year and will henceforth be published 
quarterly at the headquarters of the Society in Manila. The first issue 
contains articles on the following subjects: Performance characteristics 
of an alcohol-gasoline mixture (NDC-21), a substitute fuel for com- 
mercial gasoline, artificial drying of rough ice, reference points of soil 
moisture essential in scientific irrigation practice, agricultural land 
clearing, and mechanized sugar cane culture. 

Credit is due the officers of the PSAE and the board of editors for 
a commendable job in assembling and producing this first issue. We 
believe that it will serve to knit together those engaged in applying 
engineering techniques to Philippine agriculture and foster its advance- 
ment through better understanding of the problems involved, by stimu- 
lation and direction of research to solve those problems, and by report- 
ing the progress of this work so that it can be applied to assure con- 
tinued and increased welfare for the country’s agriculture. 


“Who Knows—And What” 


ELECTED readers have received, or shortly will receive, from The 

A. N. Marquis Company requests for information pertaining to their 
personal specialities within their occupational fields. Information sub- 
mitted will be reviewed to determine suitability for inclusion in the 
company’s new and unique reference work, Who Knows—And What, 
the second edition of which has been put into immediate compilation 
following the widespread acceptance of the first edition, published 
earlier this year. 

The unique reference value of Who Knows stems, according to the 
publishers, from two major features: (1) the inclusion of only those 
persons having special skills or knowledge in one or more of thousands 
of highly specific topics judged by the editors to be subject to general 
reference interest, together with information on research and experience 
in these fields (general public or professional eminence is not a deciding 
factor in selections), and (2) the locator index, which refers the user 
by means of a simple key to the listing of any person in the book having 
special knowledge about any one of the subjects included in the index. 

The company, which also publishes Who's Who in America, will 
welcome any suggestions from readers. Communicate directly with the 
company at 210 E. Ohio St., Chicago 11, Hl. 
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PERSONALS OF ASAE MEMBERS 


— 


Paul D. Colbenson recently resigned as instructor in agricultural 
engineering at the University of Tennessee, to accept appointmen: as 
appraiser-engineer for the Farm Home Administration, U.S. Departient 
of Agriculture, in the east Tennessee area. 

Robert M. Dill, who holds the rank of major in the U.S. A my, 
has completed the requirements for the M.S. degree in petroleum ¢ igi- 
neering at the University of Pittsburgh and is starting a one-year t:.in- 
ing course with the Gulf Oil Corp. as a part of the Army Indus rial 
Mobilization Program. 

Winfred G. Glover recently transferred from his position a: an 
engineer in the USDA Soil Conservation Service to the Bureau of | and 
Management, U.S. Department of the Interior, with the title of regional 
engineer. In his new work he will be engaged in soil and water <on- 
servation, and he will be located at Oakland, Calif. 


Murlin R. Hodgell has resigned as extension architect at Karsas 
State College to accept appointment on the agricultural engineering staff 
of the University of Illinois where he will engage in research work. 


A. B. Lewis resigned recently as instructor in agricultural engineer- 
ing at Lincoln University, Jefferson City, Mo., to accept a position as 
associate professor of agricultural engineering at the Agricultural and 
Technical College, Greensboro, N. C. 

W. J. Liddell was recently promoted from the position of agricul- 
tural engineer to sales manager of Sunset Engineering Co., with head- 
quarters at the home office of the company at Riverdale, New Jersey. 


John T. Olsen, formerly soil conservationist and assistant chief of 
the Water Conservation Division, Soil Conservation Service, USDA, 
was recently transferred to the position of budget examiner, Division 
of Estimates, Bureau of the Budget. His new work will be related to 
projects of the U.S. Bureau of Reclamation in the 17 western states. 


Gordon W. Olson recently resigned as assistant tractor testing engi- 
neer, University of Nebraska, to become assistant field testing engineer 
with the John Deere Dubuque Tractor Works at Dubuque, Iowa. 


Eugene P. Speck has been named station engineer and assistant 
specialist at the Imperial Valley Field Station of the California Agricul- 
tural Experiment Station, and is located at El Centro. He was formerly 
instructor in farm mechanics and machinery, College of the Sequoias, 
Visalia, Calif. 

Robert H. Witt recently resigned as an instructor in agricultural 
engineering, Oklahoma A. & M. College, to accept employment as an 
engineer in the research engineering department of Dearborn Motors 
Corp., Birmingham, Mich. 


NEW BOOKS 


Heating, Ventilating, and Air Conditioning Guide, 1950 (28th edi- 
tion). Cloth, 1422 pages, 6x9 inches. Illustrated and indexed. Ameri- 
can Society of Heating and Ventilating Engineers (New York 10, 
N. Y.), $7.50. 

Technical data section, manufacturers catalog data section, and brief 
information on the organization and activities of the ASHVE. The 
technical data section has seven subsection groupings and 50 chapters. 
Substantial changes and additions to 23 chapters are indicated. These 
include the chapters on physiological principles, air conditioning in the 
prevention and treatment of disease, air contaminants, infiltration and 
ventilation, heating load, fuels and combustion, heating boilers, ‘ur- 
naces, space heaters, chimneys and draft calculations, mechanical w«rm 
air systems, hot water heating systems and piping, radiators and convec- 
tors, air duct design, fans,eair heating and cooling coils, refrigera‘ on, 
motors and motor controls, sound control, industrial air condition ng, 
drying systems, transportation air conditioning, water services, in::ru- 
ments and measurements, and codes and standards. 


Hydrology, by Daniel W. Mead, Second edition. Cloth, x\\i+ 
728 pages, 6x9 inches. Illustrated and indexed. McGraw-Hill } 00k 
Company, Inc. (New York and London) $7.50. 

This is an extensive revision of the first edition published in 1 19, 
based on almost continuous study and accumulation of inform: ion 
since that time. Harold W. Mead, son of the author, Henry J. Hunt ind 
their associates have carried on much of the later work of comp): ing 
the new edition and have contributed a wealth of material from | cif 
experience as consulting engineers. Chapters cover an introduc! n; 
water — its occurrence, utilization, and control; some fundam: °tal 
theories; winds and storms; hydrography; atmospheric moisture 1d 
evaporation; precipitation; rainfall measurements and records; an ual 
rainfall in the United States and its variation; seasonal rainfall in the 
United States and its variation; great rainfalls; droughts; rainfall -ad 
altitude; geological agencies and their work; geology; ground wa':'s; 
stream flow or runoff; variations in runoff or stream discharge; <st!- 
mating runoff; floods and flood flows; the application of hydrolog: 
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Soil erosion steals many a farm 
right from under the owner’s nose. 
Precious plant food floats away when 
January thaws unbandage bare land. 
Spring rains nibble little gullies on 
unprotected slopes. Summer thunder- 
storms cut deep tracks between corn 
rows that follow the slope. 


As the years go by, crops grow a 
little shorter on the hilltops; yields 
lag behind those of the neighbors; 
profits sink lower and lower. So 
stealthily does soil erosion work, 
however, that many farmers don’t 
become concerned until it’s almost 
too late to save the old home place. 


Mt 3 gr a get te 

pd aie Fortunately, abused, eroded land 
ae Re can be coaxed back into profitable 
| production. Better crop rotations, 
contour farming, strip-cropping, and 
many other soil-saving practices have 
been developed by our agricultural 
experts. John Deere and other farm 
implement manufacturers are pro- 
ducing machines that make the appli- 
cation of these new methods both 
practical and profitable. 


Why not join hands with your local 
agricultural advisers? By pooling your 
knowledge and experience, you can 
serve your neighbors and help to safe- 
guard America’s future by curbing 
soil erosion in your community. 
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STOW CASE HISTORY No. 2 


NEWS FROM ADVERTISERS 


New Products and Literature Announced by 
AGRICULTURAL ENGINEERING Advertisers 


John Deere Forage Harvester and Forage Blower. Deere & Co, | 
Moline, Ill., announce a new dual-purpose forage harvester and forage 


blower, designed to cut time and costs. As a hay chopper it picks up 
the windrowed hay, chops it to proper length, and loads it on the 
wagon in a once-over job. Quickly converted to an ensilage harvester 
with the row-crop unit in position, it prepares standing row crops for 
the silo in one trip through the field. The new machine offers such 
time-, work-, and crop-saving features as: new stronger, non-binding 
feed rolls and reinforced flywheel-type cutter to handle more materia! in 
less time; non-sway delivery spout which can be changed for either silo 
or rear loading by simply removing two bolts and pivoting; handy 
clutch lever to reverse feed rolls; and common frame for flywheel cut- 
ter and stationary knife for permanent alignment, more uniform cut. 
The No. 50 forage blower features greater capacity and easier operation. 


i a: shit thatiah ctataD 


sperms cee 


oe 


Annis Front End Mower 
Manufactured by Krengel’s, Inc., 


TQ FLEXIBLE SHAFTING 
SOLVES POWER TRANSMISSION 
Prosiems ... BETTER! 


The problem: To provide a means 


of power transmission between Two views of the John Deere forage harvester and blower used as 
ensilage harvester (top) and as hay chopper (bottom) 


power take-off and mower attach- 
ment that would give maximum 
efficiency — eliminate excessive vibration .. . 
eliminate danger of exposed rotating parts and 
costly clogging and jamming caused by dirt, 
grasses. Stow Flexible Shafting solves these 
‘ problems — transmits power 
. smoothly, safely, economi- 
cally. Put Stow to work on 
your problems today! 


Send 6 % you gree copy Par John Deere No. 50 forage blower 


Stow Flexible Shafting Bulletin and The longer, wider, lower receiving hopper takes fast unloading with 
Torque Calculator. less danger of spilling, and the exclusive combination of adjustaole 
feed-volume doors and selective air-intake control enables the opera:or 
to maintain proper relationship of material volume to air flow for peak 
blowing efficiency with every crop. The positive auger-type feed and 
heavy-duty fan handle both green and-dry materials efficiently while 
new retractable wheels eliminate the job of digging holes or removing 
the wheels when spotting. Spring-balanced hopper is easily raised tor 
fast driving into unloading position. 
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: () lJ HK LF lj N F () F QU 0) | N ETS Versatile, all-steel buildings 


safeguard crops—serve as 


| S 10 FARM INCOME farm shelters the year around 


Quonsets for crop storage! Here is one way to 

add to farm income. Use Quonsets! Hold your 
crops for highest prices! Strong, sturdy, durable, all- 
steel Quonsets provide maximum protection for 
stored crops at a low cost per bushel . . . provide the 
utmost in usable space. Quonsets can easily be par- 
titioned to store more than one crop at once. 


sf Quonsets for equipment storage! You have no 
worries about equipment when it is sheltered 
from wind and weather in a Quonset! The versatile 
fire-resistant Quonset is the best answer to the gen- 
eral equipment storage problem during off seasons 
... eliminates the need for an extra storage building. 


onset 32 Quonset 24 Quonset 40 


GREAT LAKES STEEL CORPORATION 


Stran-Steel Division ¢ Ecorse, Detroit 29, Michigan « UNIT OF NATIONAL STEEL CORPORATION 
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AS ADVERTISED IN 


Country Gentleman 
Farm Journal 
The Nation's Agriculture 
Progressive Farmer 
Successful Farming 
Hoard’s Dairyman 
Prairie Farmer 


and other 
farm magazines 


SISALKRAFT 
IS WORTHY OF 
YOUR 
ENDORSEMENT 
FOR MANY 
FARM USES 


EB |... SRS 


SISALKRAFT 
for many farm used 


Your lumber dealer has the right 


sizes for TEMPORARY SILOS 
for CORN AND GRASS SILAGE 
and HAYSTACK COVERS 


> i You can use tough, water- 

| proof SISALKRAFT for many 

protective purposes on your 
farm. Saves you money! 

nent ttt 


a 


Over 20 years of 
successful farm service 


== Mail Coupon Now FOR FREE SAMPLES == 


a 


a 
g The SISALKRAFT Co., Dept. AE-9 | 
g 205 W. Wacker Drive, Chicago 6, Ill. 1 
& Please send free samples and instructions §&% 
: on Sisalkraft Silos and other uses. H 
: BI i covainnsiconscaientaedcehancabaniasatilealat : 
: ic icccnenersinnencectenigpiin caine : 
A RED NO ecscesccsne a 


Ce, The SSAURRATT co. : 
Chicago 6 © New York 17 © San Francisco 5 
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News from Advertisers 
(Continued from page 474) 


Dearborn Side Delivery Rake. Dearborn Motors Corp., Detroit 3, 
Mich., suggests that every field is a “level field” for the new side. 
delivery rake now taking its place in the Dearborn line of farm equip. 
ment. A floating reel allows the new rake to follow the contour o: the 
land, raking cleanly. Since the reel is ground-driven, no power take-off 
parts are required and there is no “whipping’’ of the crop when tr.ctor 
motion is slowed down. The reel height is adjusted easily for feld 
operation or raised for rapid transport by the tractor hydraulic con-rol, 


Dearborn side-delivery rake 


The rake was originally developed for tough raking jobs in the heavy- 
yielding irrigated Pacific Coast region and later proved ideal for a wide 
variety of raking jobs. It rakes approximately an 8-foot swath and 
leaves the hay loose and fluffy for faster curing. With only two wheels, 
the new rake is highly maneuverable and turns almost as short as the 
tractor’s own turning radius. It is designed to permit the speed which 
takes full advantage of good weather. 


MulTeejet Combination Nozzle. Spraying Systems Co., 3226 Ran- 
dolph St., Bellwood, Ill., announces a new single-turret-head MulTeejet 
which gives four sprays with one nozzle for insecticide spraying. The 
nozzle is recommended for the user of portable or hand sprayers. The 
tip of the nozzle is built with four different orifice openings; it can be 
rotated and indexed in position to give the user a choice of four differ- 


| 


Spraying Systems combination nozzle 


ent spray patterns for insecticide spraying. It is light in weight and 
simple to operate. The MulTeejet also fits the cap of the Trigger T.<jet 
to give a handy assembly for various types of spraying with shv:-off 
trigger type valve control. 
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PROFESSIONAL DIRECTORY 
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FRANK J. ZINK ASSOCIATES 


Agricultural Engineers 


Frank J. Zink Earl D. Anderson 


Wendell C. Dean 


Development - Design - Research - Markets - Public Relat ons 
BoarD OF TRADE BLDG., CHICAGO 4, ILLINOIS * e Tel. HArrison 7. '722 


= 


RATES: Announcements under the heading ‘‘Professional Directory in 
AGRICULTURAL ENGINEERING will be inserted at the flat ra‘: of 
$1.00 per line per issue; 50 cents per line to A.S.A.E. members. ) inl- 
mum charge, four-line basis. Uniform style setup. Copy mus: be 
received by first of month of publication. 
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More and More, 
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bid ? “On Soil Conservation Projects 


™ ee F They Dig Ditches 
ees” This Modern Way! 


.; 
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Atlas explosives are important tools on soil conserva- 
tion projects. They slash the time, labor, and cost 
involved in cutting drainage ditches . . . eliminate 
the need for buying or renting expensive equipment 

. take care of jobs in tough places out of reach of 
heavy machinery. 


For up-to-the-minute dope on the use of Atlas ex- 
plosives in soil conservation, send for the free Atlas 
book “Explosives in Agriculture, Lumbering, and 
Forestry.”’ It explains how to select and use the right 
Atlas explosives for straightening meandering 
streams, blasting drainage ditches, removing boulders 


and stumps. 


EXPLOSIVES 


“Everything for Blasting” 


ATLAS POWDER COMPANY , Wilmington 99, Del.» Ofon in principal cities « + Cable Address—Atpoweo 
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Applicants for Membership 


The following is a list of recent applicants for membership in the 
American Society of Agricultural Engineers. Members of the Society are 
urged to send information relative to applicants for consideration of the 
Council prior to election. 


Barnes, James D.—Field engr., Tractor Works, J. I. Case Co., 
Racine, Wis. (Mail) 112214 Blake Ave. 


Butler, Karl D.—Farm counselor, Avco Mfg. Corp. (Mail) 212 S. 
Aurora St., Ithaca, N. Y. 


Camp, Robert ].—Trainee, The Oliver Corp. (Mail) Loda, IIl. 


Carlson, Bernard E.—Chief engr., Superior Separator Co., Hopkins, 
Minn. 


Flint, Charles H.—Trainee, SCS, USDA. (Mail) 1118 Elm, Har- 
lan 2, Iowa 


Gillette, Allen K.—Farm service advisor, Detroit Edison Co. (Mail) 
315 Cedar St., Lapeer, Mich. 


DURING CRITICAL 


: REAK-IN’ 
PERIOD 


WITH 


WRITE 
on your letterhead for 
complete catalog and 
sample plug for testing. 


CLARINDA, IOWA 
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DRAIN PLUGS 


Farm equipment manufacturers . . . Here’s how you 
can eliminate many service kickbacks, actually save ser- 
vice dollars. Lisle Magnetic Plugs in place of ordinary 
drain plugs TRAP abrasive metal particles that flake 
off moving parts in hard-working farm machinery, 
They HOLD this “wild metal” before it can circulate 
in the lubricant and cause damage or failure in vital 
gears and bearings. No change in design is necessary, 
Specify Lisle Magnetic Drain Plugs as original equip- 
ment and solve service problems before they begin. 


Gillette, Roy A.—Asst. des. engr., J. I. Case Co. (Mail) 3118 Sum. 
merdale Ave., Rockford, Ill. 

Green, Homer H.—Des. engr., Minneapolis-Moline Co. (Mail) 
4027 S. Sheridan, Minneapolis 10, Minn. 

Greenwood, Bobby R.—Agr. engr., U.S. Cotton Ginning Branch Lab. 
oratory, BPISAE, USDA. (Mail) General Delivery, Mesilla Park, N. M. 

Greiner, Russell D.—R. R. 1, Keota, Iowa 

Hansen, Vaughn E.—lIrrigation engr., SCS, USDA; and res. asst. 
prof. of irrigation, Utah State Agricultural College, Logan, Utah 

Hebblethwaite, Peter—Asst. experimental officer, National Institute 
of Agricultural Engineering, Wrest Park, Silsoe, Bedfordshire, Eng]and, 
(Mail) N.LA.E. Staff Club 

Heifner, Keith D.—Elecn. advisor, Kankakee Valley R.E.M = 
Wanatah, Ind. (Mail) P. O. Box 6 

Jacobs, Carl M.—Des. engr., The Oliver Corp. (Mail) Elliotts 
Tourist Court, Shelbyville, Ill. 

Jones, Wayne D.—Agr. engr., Public Service Co. of Northern IIli- 
nois. (Mail) 142114 N. Division St., Morris, Ill. 

Kitching, Harold W.—Assoc. prof. of agr. eng., Ontario Agricul- 
tural College, Guelph, Ont., Canada 

Kucherka, Stanley L., Jr-—Drainage evgr., 
Fort Bend Co. Drainage District, Rosenberg, 
Tex. (Mail) Box 1028 

Larsen, William E.—Asst. tractor testing 
engr., University of Nebraska, Tractor Test- 
ing Laboratory, Lincoln, Nebr. (Mail) 4230 
Starr 

Lewis, George G.—Sr. engr., Vickers, 
Inc., 1400 Oakman Blvd., Detroit, Mich. 

Lien, Norman D.—Trainee, Allis-Chal- 
mers Mfg. Co. (Mail) R. R., Platte, S. D. 

Loomis, Cameron P., Jr.—Ext. agr. engr., 
Cornell University. (Mail) Malden-on-Hud- 
son, N. Y. 

Nelson, Oliver A.— Asst. editor, Farm 
Implement News. (Mail) 5824 S. Harper, 
Chicago 37, Ill. 

Proffitt, L. M—Des. engr., Peru Lumber 
Co., Peru, Nebr. 

Reid, James T.—Jr. salesman, Massey- 
Harris Co., Atlanta Branch. (Mail) Box 491, 
Bremen, Ga. 

Scott, Robert T.—Public relations rep., 
school service dept., Westinghouse Electric 
Corp., P. O. Box 1017, Pittsburgh 30, Pa. 

Schwiesow, William F.—Agr. engr., SCS, 
USDA. (Mail) Box 701, Hot Springs, S. D. 

Shearer, Marvin N.—Co. ext. agent, Mad- 
ras, Ore. 

Smith, Charles A.—R. R. 1, Cato, N. Y. 

Smith, Floyd G.—Service mgr. trainee, 
Harold L. Ayres, Middletown, N. Y. (Mail) 
ee 

Stephan, Frederick P.—Res. asst. in struc- 
tures, elecn., Cornell University, Ithaca, N.Y. 
(Mail) 230 Linden Ave. 

Susman, Charles D.—Agr. engr., Bureau 
of Reclamation, USDI. (Mail) 723 11th St., 
Bismarck, N. D. 

Theakston, Franklyn H.—Assoc. prof. of 
agr. eng., Ontario Agricultural College, 
Guelph, Ont., Canada 

Turnbull, Dale W.—Trainee, Caterp:'lar 
Tractor Co., Peoria, Ill. (Mail) 100 High, 
Apt. A 

Wassell, Donald B.— Designer, John 
Deere Harvester Works, East Moline, II. 

Watson, Eldon C.—Des. engr., Western 
Land Roller Co., Hastings, Nebr. (Mail) 
841 N. Burlington Ave. 

Wetherbe, Franklin B.—R. R. 1, Monta- 
gue, Mass. 

Wodnik, Frank A.— Agr. engr., SCS, 
USDA. (Mail) 323 W. Stanhope St., Sidney, 
Mont. 

Zachariah, P. John—Res. asst., agr. eng. 
dept., Allahabad Agricultural Institute, A ‘la- 
habad, India 

TRANSFERS OF MEMBERSHIP GRADE 

Jones, James O.—Head eng. and mith. 
dept., University of Tennessee Junior Coll: ge, 
Martin, Tenn. (Junior Member to Member) 

Stanley, James M.—Assoc. agr. enct. 
BPISAE, USDA; and asst. res. prof., l ni- 
versity of Georgia. (Mail) Coastal P!ain 
Experiment Station, Tifton, Ga. (Junior Mem- 
ber to Member) 
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~ | Just Published! 

the new second edition 


“ IRRIGATION PRINCIPLES AND PRACTICES 


By ORSON W. ISRAELSEN 
Professor of Irrigation and Drainage, Utah State Agricultural College 


ing |) Presents basic, practical facts 
30 |) for agronomists, engineers, water masters FEATURES of 


~ This book covers the six major aspects of irrigation the second edition 


| : or e Flow of water in soils—simplified by intro- 
—water measurement, conveyance, pumping, irrigation duction of clasifying assumptions, addition 


methods, implements, and structures. It describes methods of hydraulic terms, and use of sketches and 


a 5 , ee d : numerical examples illustrating the basic 

ae that are very important in the efficient and economic use equation of hydraulics. 

Der, of water in irrigation and in the perpetuation of arid-region e New material on drainage — emphasizing 

ber / agriculture... and reflects the progress made in the field necessity for, and the methods of, draining 

; irrigated lands. 

= in the last two decades. Includes soil and water relations © The consumptive use of water—information 
|... storage of water in soils... flow of water in soils... on the allotment of water to different areas. 

Pe ] . . . . . . . . . i ini iv. i S 

ic |) drainage of irrigated land. . . time of irrigation . . . irriga- © The social and administrative aspects of ir 

; rigation are covered with a view to need in 

. tion of cereals, forage, root crops, orchards. . . irrigation humid-climate and arid-climate areas. 

ad |} in humid climates. This is a practical, modern presentation e A condensed list of quantities, symbols, 

tad’ ; : units, and force-length-time dimensions— 

y. |} of principles and practices, important for anyone con- to avert confusion in soil-and-water studies. 

ee, . . . . . 

il) }) cerned with irrigation and drainage. © Over 300 selected references to recent pub- 
: lications on irrigation and drainage. 


Y. | 1950 405 pages 180 illus. 6by9-1/4 $6.00 


i By C. O. WISLER and E. F. BRATER 
f ) Y . 
be a Y RO LO GY both at the University of Michigan 
ie | This is an unusually broad treatment of the whole field drainage basin, precipitation, water losses, infiltration, 
™ of hydrology. It gives the important hydrologic data needed ground water, runoff, floods, and stream-flow records. 
. by practicing engineers... including the hydrograph, the 1949 419 pages illus. 5-5/8 by 8-5/8 $6.00 


Send for these books on approval 


------- MAIL COUPON FOR APPROVAL COPIES — — — — —- — — 


JOHN WILEY & SONS, Inc., 440 Fourth Avenue, New York 16, N.Y. 


Please send me, on 10 days’ approval, a copy of 


RIDE 2 ee Se ee NE me OE 
[) IRRIGATION PRINCIPLES AND PRACTICES da 
- HYDROLOGY be ee ae Oe CO be RTE a LET STE ‘. 
If I decide to keep the book(s), I will remit price plus WES Se ee aa ke eA ye PR 
postage; otherwise I will return the books postpaid. (Wiley eR ites nrteneininnarinnriranmnen: 
pays postage if you remit with order. Same return privilege.) (Offer not good outside U.S.) 
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CLEARANCE 
SELF-PROPELLED 


SPRAYER 


Shown here, operating as a cotton crop weed sprayer, is a Model 
1230 Essick self-propelled sprayer, made by Essick Manufacturing 
Co., Los Angeles, Calif. This unique machine can also be used to 
spray full-grown corn as well as low-growing flax, booms being 
fully adjustable from ground level to & ft. Part-time chores include 
spray painting, tree pruning, tire inflation, pressure greasing, etc. 


In designing this versatile piece of equipment Essick engineers 
have utilized two Wisconsin Heavy-Duty Air-Cooled Engines . . . 
a Model TF 2-cylinder (13 hp.) engine mounted directly over the 
front wheel as mobile power, and a single cylinder 3 hp. Wiscon- 
sin engine to operate the spraying unit compressor. 

Versatile equipment requires versatile power . . . as supplied by 
Wisconsin Air-Cooled Engines, in a complete power range from 3 
to 30 hp., single cylinder, 2- and 4-cylinder models. Detailed 
data gladly supplied. 


iF Seal 


i BO gga Se ee 
weaea” W PORATION. 
aad ! | of Heavy-Duty Air-Cooled Engines 
WISCONSIN 


BETTER DESIGN... 
best performance 


Exclusive design features make Tee- 
Jet Spray Nozzles the preferred ag- 
ricultural nozzle . . . “Lap-edge" 
spray pattern assures even distribution . . . Uniform 
atomization results in minimum driftage . . . Patented 
V-groove permits accurate spray alignment . . . Orifice 
tips for ah types of spraying . . . quickly interchange- 
able without removing nozzle body from boom. Write for 
information on America's favorite farm spray nozzle. Ask 
for Bulletin 55. 


Trigger TeeJet 


Quality built for hand spray- 
ing. Valve body drop forged 
brass with stainless steel 
valve stem. Self-seal 
packing. Valve seat re- 


Any TeeJet 
tip fits the 
Trigger 
TeeJet... 


| bl Tri also curved 
P aceabile. rigger and straight 
ock. extensions. 


Write for Data Sheet 4670 and 4675 


SPRAYING SYSTEMS CO, *teutwoon,‘tuNnois 


(Suburb of Chicago) 


Personnel Service Bulletin 


The American Society of Agricultural Engineers conducts a Personne} 
Service at its headquarters office in St. Joseph, Michigan, as a clearing 
house (not’a placement bureau) for putting agricultural engineers seek. 
ing employment or change of employment in touch with possible employ- 
ers of their services, and vice versa. The service is rendered without 
charge, and information on how to use it will be furnished by the So-iety, 
The Society does not investigate or guarantee the representations nade 
by parties listed. This bulletin contains the active listing of ‘‘Pos tions 
Open’’ and ‘‘Positions Wanted"’ on file at the Society's office, and «for. 
mation on each in the form of separate mimeographed sheets, mxy be 
had on request. ‘‘Agricultural Engineer’ as used in these listings, 5 not 
intended to imply any specific level of proficiency, or registratio., or 
license as a professional engineer. 


— 
= 


Positions OPEN: (1949): AUGUST—O-34-675. NOVEMB: R~— 
—O-127-690. (1950): JANUARY—O-189-692. MARCH—O-26? 700, 
262-701. JUNE—O-355-717, 379-718, 393-719, 395-720, 407-721. JULY 
—O-360-722, 396-723, 418-724, 418-725, 421-726. AUGUST—.21- 
501, 21-502, 25-503, 25-504, 31-505. 


PosiTIONS WANTED: (1949): JULY—W-13-299. SEPTEMB: R~— 
W-67-312. OCTOBER—W-111-316. DECEMBER—W-145-323, 146- 
324. (1950): JANUARY—W-164-331, 175-334, 179-335, 190 338. 
MARCH—W-227-351, 247-352, 228-353, 256-355, 246-360, 268 361, 
258-362. APRIL—W-294-368, 304-370, 291-373, 307-375. MAY— 
W-320-376, 327-377, 328-378, 333-380, 339-384, 349-385, 351-386. 
JUNE—W-348-391, 366-392, 364-393, 384-395, 383-397, 387-399, 
274-400, 369-401, 378-402, 354-403, 394-404. JULY—W-400-406, 
402-407, 382-408, 337-409, 398-411, 414-412, 412-413, 410-414, 
417-415. AUGUST—W- 5-1, 4-2, 11-3, 12-4, 26-5. 


NEW POSITIONS OPEN 


DESIGN ENGINEERS (several) for design and development of farm 
machinery in a midwestern plant. Must have technical training and a 
good spirit of cooperation. Available openings provide opportunities for 
designers in several brackets as to experience. Good opportunity for ad- 
vancement. Salary open. O-34-506 


NEW POSITIONS WANTED 


DEVELOPMENT, extension, teaching, or research in power and ma- 
chinery or soil and water, with public service or industry, anywhere in 
the U.S. BS deg in agriculture, 1941; BS deg in agricultural engineering, 
1949, MS deg in agricultural engineering, September 1950, Michigan 
State College. Farm background. Farm machinery sales and service in 
dealer organization, 6 months. Extension work in farm machinery, 8 
months. Extension work in farm safety and general agricultural engi- 
neering, 3 years. Teaching experience 6 months. Graduate assistant in 
research while completing work on MS deg. War enlisted service in Army 
Medical Corps, commissioned service in Medical Administrative Corps. 
Married. Age 34. No disability. Available October 1. Salary open. W-43-6 


DESIGN, development, research, sales, service, or writing, in power 
and machinery or soil and water, with public service or industry any- 
where in the U.S. Willing to travel. BS deg in agricultural engineering, 
1950, Texas A.&M. College. Farm background, with general farm duties 
part time while in high school, 4 years, and full time 2 years, 4 months 
after military service. War non-commissioned service in Army Signal 
Corps. Married. Age 24. No disability. Available now. Salary $3000-3600. 
W-36-7 


DESIGN, development, research, extension, or teaching in soi] and 
water hydrology, or hydraulic engineering, anywhere in the U.S. BS deg 
in civil engineering, 1940, National Chiao Tung University, China, MS 
deg in civil engineering, major in structural engineering, Pennsylvania 
State College, 1948. PhD deg in engineering, major in hydraulic engineer- 
ing, 1950, University of Illinois. Experience includes teaching civil engi- 
neering in Chinese colleges and universities, 1941-47. Nearly 2 years as 
civil engineer, Bureau of Public Works, Formosa. Research assistant 
while studying in the U.S. Married. Age 31. No disability. Available now. 
Salary $4500. W-39-8 


DESIGN, development, or research in power and machinery or farm 
structures, in public service or industry, anywhere in the U.S., preferably 
West or Midwest. BS deg in engineering, agricultural option, 1950, Uni- 
versity of California at Los Angeles. Farm background. Auto parts 
salesman, 5 years. Stock clerk in aircraft factory, 8 months. Fadio 
technician 3 years in Navy. Part time research and other work while in 
school. War enlisted service in Navy 3 years. Married. Age 31. No dis- 
ability. Available now. Salary $3000. W-38-9 


DESIGN, development, research, or extension in farm structures with 
public service or industry, preferably in the South. BS deg in agr cul- 
tural engineering, 1949, University of Georgia. MS deg in agricu’ ural 
engineering, 1950, University of Illinois. Experience in research one half 
time while at University of Illinois, including 12 months on applica ions 
of aluminum, 6 months on dairy housing. War enlisted service in Cav .lry, 
2 years. Married. Age 25. No disability. Available now. Salary $ 500- 
4200. W-40-10 


EXTENSION, teaching, research, or service in power and mach ery 
or rural electrification with public service or industry, anywhere i: the 
U.S. Willing to travel. BS deg in agriculture, 1950, Cornell Unive: sity. 
Farm background. Student instructor in farm shop 2% years in ag: .cul- 
tural engineering department. Additional part time work as _ stident 
assistant in farm machinery courses. Operated generator station 4% 
months in Army. One summer in building construction and mainten. nce. 
One winter and spring as machine operator in woodworking plant. ‘em- 
porarily employed since graduation on a large dairy farm. War en! sted 
service in Infantry 3% years. Married. Age 27. No disability. Ava able 
now. Salary open. W-48-11 
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